




5 * 


-P 


A Publication of the National Rifle Association of America 
















VAST BlJLIJili'S 


WARNING 

This book includes handloading daia which are believed to be safe and satisfactory when 
properly assembled and fired in sound firearms of the appropriate types and in good mechanical 
condition. 

All technical data conveyed in this book reflect the experience of individuals using specific 
equipment and components under specific conditions. 

Because of unavoidable variations in handloading components used in various combinations, 
and the firearms in which the handloaded ammunition may be fired, neither the National Rifle 
Association of America or any of the manufacturers whose products are listed can assume any 
responsibility for any consequence of using the information in the following pages or data tables. 
The data are furnished for the information and use of readers, entirely al the user’s own ^isk, 
initiative and responsibility. 
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Introduction 


This Handbook collects the most significant 
findings on cast bullets in smokeless powder 
rifles and handguns, prineipally obtained in a 
systematic investigation of the subject, and 
published by the American Rifleman beginning 
in December 1957. Some minor corrections and 
footnotes have been added. The date in the 
subject index identifies the issue of the American 
Rifleman in which the article originally 
appeared. 

A great deal of this material as well as its 
final form in this handbook, is due to Robert N. 
Sears and C. E. Harris, Associate Editors of the 
American Rifleman. 

The Investigation determined the factors 
necessary for success with cast bullets. Perfor¬ 
mance now can be obtained which formerly was 
considered impossible. 


Col. E. H Harrison 
U.S. Army (ret.) 


g CAST BULLETS 



Foreword 


Despite the ever increasing popularity of’ 
reloading one’s own rifle, pistol and shotgun 
ammunition, the casting of lead alloy bullets has 
been, until now, the great undiscovered branch 
of the handloading arts. 

This has not always been the case because 
during the later years of the 19th Century and 
early part of this Century, accuracy buffs used 
hand-cast lead alloy bullets in the achievement 
of a level of accuracy equaled only by today’s 
finest equipment and components. 

Despite these achievements the art of casting 
and loading alloy bullets languished during the 
years following the First World War and by the 
1950’s was almost forgotten. This is not to say 
that shooters no longer were casting bullets 
because in truth probably more shooters than 
ever, especially pistol shooters, were taking 
advantage of the economy of cast bullets but 
without realizing their real potential. Poor 
accuracy was considered the handmaiden of 
low cost. 

This unfortunate trend was reversed almost 
single handedly by a series of cast bullet articles 
written by Colonel E. H. Harrison and 
published in the American Rifleman during 
1957-58. Until that time nearly all cast bullet 
shooters had been experiencing uniformly poor 
results simply because there was very little 
workable information on the subject. 

Harrison’s articles banished a host of miscon¬ 
ceptions surrounding bullet casting and pres¬ 
ented in clear, logical manner specific guidelines 










for casting and loading truly accurate rifle 
and pistol bullets. 

Building on these guidelines the shooting of 
hand-cast lead alloy bullets has become not only 
a reasonable alternative to expensive jacketed 
bullets but a totally fascinating field of hand¬ 
loading in its own right. In my opinion it is the 
single most absorbing area of handloading and 
the one which offers the greatest personal 
satisfaction. 

Cast bullet shooting is the modern handload¬ 
ing sport, an exciting new field for shooters who 
have become weary of merely assembling their 
ammo. The opportunities for exciting new 
discoveries in cast bullet performance still 
abound and this book is the first great step into 
a whole new world of shooting pleasure and 
excitement. 


JIM CARMICHEL 
Shooting Editor 

OUTDOOR LIFE MAGAZINE 
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An examination of factors affecting accuracy and power 

By Col- E* H- Harrison, USA (Ret'd) 

NRA Teclinical Staff 


C AST-bullet handloads offer the fol¬ 
lowing advantages: 

L Low cost. The cost of bullets, 
which in jacketed-bullet hand loads is 
the greater part of the ammunition 
costs, is brought very low, and becomes 
almost nothing when scrap metal is 
used. 

2. Independence. The cast-bullet 
handloadcr is the only one who really 
makes any of his ammunition. Others 
merely assemble it. 

3, Controlled power. The power of 
cast-bullet handloads is adjustable 
bebvecn wide limits. The user can 
make his loads fit his em ironment, and 
also the preferences which he will de¬ 
velop. 

4. Unlimited barrel life. While non- 
erosive powders are now available, and 
it is also possible to select certain 
jacketed-bullet hand loads to minimize 
erosion, these arc not in widest use. 
With cast bullets, a fine barrel will not 
wear out. 

Thf aiillior acknott*le<iK€5 iiivaluahle help re¬ 
ceived from R. H, Dorian, B, E. HodRdoti, Lysit 
D. Kilhourn and the Lyman Gun Sight Corp., 
H. R Kimball, W. M. Stuart, F. W. Whitlock.— 


Against these great advantages must 
be set the following disadvantages: 

L Velocity limitation. Full power 
can be obtained in low'- and medium- 
velocity cartridges. In high-velocity 
cartridges, cast bullets must be loaded 
materially below full velocity. 

2. Accuracy limitation. Some hand- 
loaders have been unable to obtain sat¬ 
isfactory' accuracy with cast bullets. 

Pistol and revolver ammunition does 
not suffer materially from these disad¬ 
vantages. The advantages arc so impor¬ 
tant that .38 and .45 handgun practice 
and competition, on their present scale, 
depend on cast-bullet handloading for 
their existence. 

Problem in .30-''06 

The Lyman Gun Sight Corp. and 
others had by 1957 developed excellent 
cast-bullet loads at velocities of 2400 
feet per second (f.p.s,) or more in the 
.22 Hornet and certain other .22 center- 
fire cartridges. The problem in the .30- 
'06 cartridge has proved more difficult. 
Hitherto, successful 30-'06 cast-hullet 
loads have generally been limited to 


about 1650 f.p.s. This excluded them 
from the field of powerful loads and 
high-speed varmint loads. However, 
tliey ha\c been successfully used for 
target shooting up to 600 yds. 

Iiu cstigations for this article brought 
the velocities of heavy cast bullets in the 
.30-'06 cartridge up to 2100 f.p.s., with 
excellent accuracy. This is above the 
power of the original .30-40 Krag car¬ 
tridge, which gave a 220'gr. bullet a 
iiuizzle velocity of about 2000 f.p.s. 
This was thoroughly demonstrated to he 
adequate for use on all North American 
big game, and for ver)' good target 
shooting at 1000 yds. It is no more 
necessary'^ to use a rifle always at full 
power than any other machine. For 
the target and other shooting done by 
manv handloadcrs, cast bullets can be 
more than powerful enough. 

The accuracy difficulty has been a 
greater limitation. This article is de¬ 
voted to tlie results of a systematic in¬ 
vestigation into cast-bullet accuracy, 
and incidentally power. After the fac¬ 
tors decisive for accuracy had been 
found, the results were very favorable. 
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Fig. 1: 30 consecutive shots at 200 yds, by John D, Kelley, Williamsport, Pa,, Nov. 24, 1905, Stevens-Pope .38-72 rifie held 
in machine rest, 69 grs. Hazard Fg black powder, 3 grs. duPont No, 1 Rifle Smokeless, UMC IV 2 primers 
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CasNbullet accuracy 

Groups shot at 200 yds, with cast 
bullets were not beaten by niodcrn 
bench-rest shooters until after World 
War II. Modem bench-rest shooting, 
thougli of fantastic accuracy, is done 
mostly with rifles of small bore, and 
most of its records are made with rifles 
designed for the one purpose of bench- 
rest shooting and not usable for any¬ 
thing else. On the other hand, the 
classic cast-bullet group shooting was 
done in rifles which, while of heavy 
single-shot type, were good for offhand 
target shooting as well. Equaling the 30 
consecutive shots in Fig. 1 would be a 
test for the best .30 cal. target rifle. 

These results were obtained with 
blackpow'der target rifles, in w'hich suit¬ 
able smokeless powders were ultimately 
used. No comparable results were at¬ 
tained with cast hid lets in early smoke¬ 
less powder rifles. However, the shoot¬ 
ers of that day did learn to use cast 
bullets in sucli rifles w^ith very good suc¬ 
cess. 

When the 30-40 Krag rifle came into 
wide use for target shooting in the early 
1900's, shooters soon felt the need for 
target ammunition more suitable under 
many conditions than the full-power 
military ammunition. Its power was 
not needed for target shooting up to 
at least 200 yds,, some of the ranges 
used for Schuetzen target shooting were 
not considered safe with military am¬ 
munition, and the owner of a fine Krag 
did not like to see its barrel worn out 
with the frequent shooting necessary 
for proficiency. There was, therefore, a 
considerable effort to use in the Krag 
rifle the cast bullets with which every¬ 


one was familiar. This development was 
reported by Dr. W. H. Hudson in 
Shoofing and Fishing, predecessor of 
The American Rifleman. His reports 
were based on such solid foundations 
and were written with such clearness 
and good judgement, that I found them 
a pleasure to read half a century later. 

Early efforts in bullet design 

Tlie first efforts were directed toward 
a bullet design to provide good sealing 
of the hot smokeless powder gases, and 
adequate lubrication. Some of these 
bullets are shown in Fig. 2. Tliey were 
used with 14 to 15 grs. of Marksman 
powder, a ‘bulk" rifle smokeless powder 
of that day, made up of irregular and 
porous pellets somewhat similar to Du¬ 
Pont bulk shotgun pow'der. These bul¬ 
lets so loaded were successfully used for 
target shooting at 200 yds. 

Various wads and fillers w^ere tried 
in the endeavor to keep the hot powder 
gases off the bullet. In 1905, J- 
Keough loaded dry Cream of VVheat 
cereal to fill the air space between the 
pow'dcr charge and the bullet base. 
While it did protect the bullet, the 
filler caused undesirably high powder 
pressures with the powders then used, 
though not so high as some later hut 
vague statements have implied. The ex¬ 
perimenters of that day did something 
which later experimenters have too often 
omitted—-they had questionable loads 
laboratory-tested for velocity and pres¬ 
sure. With bullets of this kind in the 
Krag rifle, 20 grs. of Lightning powder 
with Cream of Wheat filler gave 1643 
f.p.s. muzzle velocity, with mean pres¬ 
sure of 38,600 pounds per square inch 


(p.s.i.) and individual maximum oli 
44,700 p.s.i. Lightning was a doublj 
based powder, then and for some tr 
later considered standard for sui 
smokeless cartridges as the 7 mm. anir 
.30-30. These loads were used sacces^_ 
fully for target shooting at 500 and 60(l|r 
yds.' ^ 

III August 1905, f. H. Barlow, foum 
er of the Ideal Manufacturing Co., fifit 
reported use of a copper disk or cup 
on the bullet base with such smokel 
loads. With tlie same charge of povvd( 
the Cream of Wheat filler being 
placed by the copper cup, tests p' 

1 555 f.p.s. velocity and 21,340 p,s.i| 
pressure. [ 

Satisfoctory loads are safe 

This first established a fact im 
tant to the user of cast bullets. In 
modern rifles their moderate pressurtj 
make loading and experimentation 
practicable without the prccautioiiaij J 
laboratory measurement of pressure,.^' 
we shall sec, accurate shooting with cast 
bullets can be done only with moderall 
powder charges. All charges giving even 
reasonably satisfactory results are autoi 
matically safe ones. 

Barlow mentioned that others had 
experimented with a copper cup for this 
purpose. Dr. Hudson stated that 
British had for some years been usinf 
bullets with copper cups on the basCt 
but that this should not detract from 
credit due Barlovv for making it avails 1 
able to us. 

It w'as first intended that the gas 
check drop off the bullet as it left the 
rifle muzzle. It was soon found better 
that the gas check stay on the bullet^ 
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Fig. 2: The most successful .30 cal. Ideal cast bullets of 1905, just before 
introduction of the gas-check cup. They all share the characteristic of a long 
body filling the rifle bore to the bottom of the grooves, vvith a short bore-size 
bearing in front. The groove before the forward band on 3 of these bullets was 
intended to receive fouling scraped up by the band, and was also filled with 
grease before shooting so the first band would be lubricated. The oversize 
forward band on the second bullet was intended to fill the excessively large 
Krag throat, to improve sealing of the hot smokeless powder gases which was 
a major problem before the gas check was used. (This has long been a feature 
of bullets for the 8.15 x 46R and other German lead-bullet target rifles) 
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and it was made so as to do so. There 
lias }m\ no fundamental change since. 

In the vei)' next month, September 
1005, appeared the announcement of 
I be first Ideal bullet designed for the 
£;us-check cup. This was Ideal No. 
^082H now called No, 311284. In 
liiat month scores up to 46 were made 
;it Sea Girt in re-entry matches at 600 
vdsvp and later up to 47. The load was 
2^ gni. Lightning powder and this bul¬ 
let, Among tlmse making these scores 
\m Lt. Townsend Whelen. 

Tlie 20" bullseye of the military B 
target, used then as now, while it is a 
little over 3 minutes of angle in di¬ 
ameter at 600 yds., is not especially easy 
fts even many modern riflemen know, 
lliis cast-bnllct development had there¬ 
fore been crowned with remarkable suc¬ 
cess. 

At the end of 1905, the Ideal Maou- 
fachiring Co. advertised a number of 
new gos check bullets fqr smokeless car- 
tridges-Nos. 308291 for .30-30, 319295 
for .32'40, 321297 for .32 Winchester 
Special, and 375296 for ,38-55—which 
m 5t! good they are still in use, 

Barlow was granted a patent for the 
gys check on Apr. 5, 1906. 

Tlie astonishing thing is that the 
decisive part of this recorded develop¬ 
ment in ,30 caL cast bullets took place 
uilhin less than one year (though 
|j;isd on work at a slower pace going 
biick to about 1900), 

No progress for many years 

Next followed something almost 
equally astonishing—an almost com¬ 
plete lack of further progress for many 
years. After the standardization of the 
M1903 Springfield rifle modified for 
M1906 ammunition, Ideal bullet No. 
308334 (now 3H334) and others were 
produced for it. But there was little if 
any improvement on the results already 
obtained. Probably this condition was 
connected with the onset of World 
War I, and the deaths of both Dr. 
Hudson and Barlow, 

After difficult times during and fol¬ 
lowing the first World War, the bullet 
mold and loading tool business of tbe 
Ideal Manufacturing Co, was, fortu¬ 
nately for shooters, taken o\er by tlie 
Lyman Gun Sight Corp. For many 
rears, however, .30 cal, cast bullets con¬ 
tinued to give about the same results. 
The same loads of Lightning powder 
were recommended in writings on the 
subject long after that powder had 
ceased to be available. 

Then there began a slow improve¬ 
ment in results. With many reports of 
failures, and tbe work of each success¬ 
ful experimenter confined usually to but 
a single type of load, still some of the 




Fig, 3: The mechanism of cast-bullet suc¬ 
cess and failure. Left-hand bullet was 
fired with 10 grs. Unique. It passed 
through the rifle bore truly point-forward 
and concentric, (These bullets were fired 
with gas checks, which came off in the 
recovery medium.) Right-hand bullet was 
fired with 18 grs. Unique, While there is no 
sign of rifling failure, and the load is quite 
safe* the bullet is badly cocked by the 
force of the powder gas applied to it, A 
bullet in this condition is unbalanced 
and also will yaw badly on leaving the 
bore, resulting in wild shooting. Complete¬ 
ly sitccessfiti cast~bnllet ammunition cm 
be loaded with any rifle powder whatever, 
but the charge must be comparatively 
light for the powder chosen. There are 
some other factors important to cast-bul¬ 
let loading, but this is the critical one 


results reported were striking. The pur¬ 
pose of this article is to show the factors 
rc.sponsiblc for success and failure, and 
to outline what is possible. 

Tlte hrst step is computation of the 
rifling pressure on the bullet, to judge 
the likelihood of the bullet 'jumping 
the rifling'. The continued popularity 
of this ancient supposition is difficult to 
understand, especially since the famous 
Dr. F. W. Mann made a point of show¬ 
ing that it could hardly occur. The 
computation (on page 28) shows that 
it is indeed unlikely. Except under one 
very special condition, I have never 
found it in thorough testing, and I do 
not believe it occurs in practice. 

What does occur is a cocking and 
deformation of the lead-alloy bullet in 
the rifle bore, with severe unbalancing 
of the bullet and resultant large yaws 
and wild shooting. This is the mecha¬ 
nism of cast-bullet inaccuracy. The pur¬ 
pose of cast-bullet experiments therefore 
must be to deliver the bullet at the 
muzzle undeformed and straight. 

In my opinion, the limited progress 
in casbbullet loading has been due first 
to lack of clear understanding of the 
problem, and second to the unmanage¬ 
able number of variables involved. 

Many variables involved 

Fig, 3 shows what the problem is. 

For an appreciation of the variables, 
consider for example some factors which 
influence ammunition performance. It 
is not difficult to imagine say 10 of 


these, such as powder type, powder 
charge, bullet design, b'ullet hardness, 
etc. Each of these could take several 
values, say for example 6. These factors 
are in general not independent; that is, 
a change in one may affect results ob¬ 
tained from the others. There will then 
be in our example 60 variables in all. 
Ten of them (one of each of the 10 
factors) must appear once in each load. 
How many combinations are there of 60 
things taken 10 at a time? By %velb 
known algebraic means it is found there 
are about 75,395,000,000 {seventy-five 
billion, three hundred ninety-five mil¬ 
lion), These result from only certain 
intended values. In practice there must 
be chance variations in them, since no 
operation or thing can be completely 
uniform; and these variations will affect 
the results. In addition, the design and 
dimensions of rifles in which the loads 
are fired constitute a further superim¬ 
posed system of variables. In any case, 
regardless of the exact number of fac¬ 
tors taken and the degree to which they 
may be interdependent, it is clear that 



Fig. 4: Results of experiment were entered 
on Royal Me Bee Corp.*s KS371N Keysort 
cards. Each card has 78 available holes on 
its edge, and to each of these a meaning can 
be assigned. This offers the means of sort¬ 
ing data in very many different ways. With 
a special hand-operated punch, each card 
is notched through the holes pertaining to 
data on that card. To sort, a selector rod 
is passed through all the cards at the hole 
standing for the kind of information de¬ 
sired* which for this investigation included 
both loading particulars and results. Lift¬ 
ing the selector raises the cards and al¬ 
lows those notched at that hole to drop. 
These can then be sorted with respect to 
other points, or they can be returned to 
the whole and a new sorting made. Thus 
all the data can be rapidly examined, oyer 
and over, with respect to any combination 
of factors and while following any train 
of thought, and all very rapidly since each 
sorting is done in a few seconds, Punched- 
card systems are employed for many pur¬ 
poses and in almost countless ways. Key- 
sort cards are used by the Editor of The 
American Rifleman for management of 
extensive editorial material and records 
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Is ‘Jumping The Rifling’ Likely? 


W HEN a cartridge is fired, the pow¬ 
der gas pressure rises to a peak: 
and then dies away. It applies to the 
bullet a force which is the unit gas pres¬ 
sure times the area of the bullet base: 

f = p • area “ p • rrr* 

This force will at each instant give to 
an unhindered bullet a forward ac¬ 
celeration proportional to the force 
and inversely to the bulleds mass: 

f TTpr^ 

a — =-with properly chosen 

m m 

units. 

The nfling enforces a corresponding 
angular acceleration, which is the lon¬ 
gitudinal acceleration divided by the 
barrel length in w'hicb the rifting makes 
1 turn, times the angle in I turn, namely 
Itt radians: 

a‘2^ 

1 Im 

The torque necessary for angular ac* 
celeration is the product of that accel¬ 
eration with the moment of inertia of 
the bullet about its axis: 

T ^ 

The torque is made up of a force ap¬ 
plied to the bullet's surface at the end 
of a lever arm which is its radius* so 

r av-pr- ] 

Fr = l a = U -- L 

1. !m j 

Then the tangential force at the bul¬ 
let's surface to spin it is 

2Tr"pri 

F = --- 

Im 


no lifetime would be long enough to 
solve the problem by the usual cut'and- 
try methods, 

"investigation of this article was there¬ 
fore done with the aid of mechanical 
data sorting. Since the precise results of 
decades of testing by hundreds of in¬ 
dividuals are not available* being in 
general lost as soon as obtained* it was 
ncccssaiy' to obtain the basic data by 
three years of test firings, Tlte results 
were used as described under Fig* 4, 

Removing non-decisive factors 

The essential feature of the analysis 
was removal of non-decisive factors. 
Even' factor has some effect* However, 
these effects are very unev en. Much the 
greater part of the task consisted in 
locating the factors which decide the 


As a simplifying approximation con¬ 
sider the bullet made up of a cylinder 
and a cone* corresponding to the body 
and point. The moments of inertia of 
these solids about their longitudinal 
axes are respectively .5 and *3 their 
masses times the square of their base 
radius: 

I bullet ^ I cylinder leone 

*5mcyir" -j- .3 coner^ 

= r^C.5mcyl + .301 cone). 


and therefore 

F -(.5mcylH“ -301 cone)' 

Im 

Body and nose masses are some frac¬ 
tions X and y of the bullet mass* so 

2?r^r'* 

F -(.5xm + .3 ym) 

Im 


^-pr^(x + .6y) 
I 


minimize it. For an indjcafiou 3 S l&f 
whether this is likely to become nemi 
sary* the conditions in the usual castj 
bullet load can be noted. For 
pie, Lyman bullet No, 311413 hasi| 
shorter body than a number of olltfl 
bullet designs, hence will have a shortfl^ 
engraved length and present a less 
V or able condition. Its body can be(at£i| 
as a cylinder of 120 grs. and its nffitj 
a cone of 50 grs,, which wiJJ mai(| 


12 5 I 

X = — and y 1 = — In a 4'groo!H 

17 17 1 

bore of usual dimensions* its cngravdl 

length including the gas check and tV] 
eluding the grease grooves is aboml. 
.328'% depth of engraving .004% rtd®j 
of the bullet .154^% and rifling twist I 
turn in 10^% A peak pressure of 30^1)001 
p.s.i. will rarely be exceeded in 
let loads in rifles. Putting these vaJiKJ) 
into the above expression for P gives 


/12 

7^(30000). 154= —H-” 

\l7 17/ 


10(4) *32S (.004) 


^ 18,200 p.sj.* the unit pressiift) 
on the sides of the lands, i 

This value is within the compress«| 
strength of even moderately alloyd) | 
lead* It is true that lead alloys rapidVJ,’ 
lose strength at raised temperatm^ ' 
to which the bullet surface may be ev 
posed. On the other hand, the above 
peak pressure is applied only very brief¬ 
ly* and the material to which it ii afn i 
plied is confined laterally by the fife 
bore and longitudinally by the gaspre$F 
sure behind it. There is therefore n 
priori reason to expect the cast build 
to withstand well the twist of the rb 
fling.—E.H.H. 


success or failure of the load. These 
proved to be comparatively few'. 

It IS not possible to develop success¬ 
ful cast-bullet handloads by the familiar 
process of simply making every com¬ 
ponent and loading operation as uni¬ 
form as possible. This is done success¬ 
fully in jackcted-biillct ammunition* 
bccau.se ammunition of that type long 
ago reached the stage of fundamental 
correctness in its components* Cash 
bullet ammunition has not hitherto 
been in that condition. 

The following factors are not de¬ 
cisis e: 

Cartridge case make 
Primer make 

Primer seating punch shape 
Primer vent diameter 
Precise pow'dcr charge weight 


Precise bullet weight 
Precise bullet diameter, raostli 
Bullet seating depth 
Bullet pull-out force 
Bullet grease* most loads 
The most assiduous attention h 
abo\ e factors will not make a cast- 
load perform well. They can c\ai 
systematically ignored without nialdi 
cast-bullct load perform very bai 
The following factors are dedsirtl 
Bullet hardness* some loads f 
Bullet grease* some loads 
Bullet design > 

Rifling design 
Powder charge 
The remaining three parts of 
article are devoted to the efieeb 
these decisive factors* 


i 


The tangential force is divided among 
the several lands of the rifling. On each 
land* it is spread over the projected 
area of the length and depth of the ri¬ 
fling engraved in the bullet. The unit 
pressure on the land sides is therefore 
the total tangeniial force divided by the 
number of lands and the projected area 
of each: 

F 7r=pr^(x + .6y) 

P —-=--- 

N(LD) INLD 

Knowledge of these factors governing 
land pressure obviously opens the pos¬ 
sibility of manipulating them so as to 
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Cast Bullet Alloys 


By Col. E. H. Harrison, USA (Ret'd) 


NRA Technical Stoft 


S INCE the practicable limit on power 
with cast bullets is set by their 
hardness and strength {almost synony¬ 
mous terms), the characteristics of 
ballet alloys are fundamental to per¬ 
formance. 

Pure lead is too soft and weak for 
most bullets. It has long been hardened 
by the addition of tin or antimony. 

Despite this practice, its full effects 
have not been rationally used in the 
making of bullets, or even become 
bown to handload crs. 

There is an impression among hand- 
loaders that tin is the more important 
alloying metal, and that hardness of 
cast bullets can be expressed as the 
equivalent of a given fraction of tin in 
the alloy* Neither of tliese impressions 
is correct at the hardness levels required 
for most rifle bullets. However, we can 
examine the effect of tin first. 

Effects of alloying with tin 

Tlic hardness of lead-tin alloys is 
sho\ni by the lower of the two cur\ es in 
Fig. 5. The first addition of tin causes 
a lather steep rise in the hardness. Then 
the curve tends to lev'd out, so addi¬ 
tional till has less effect. It is evidently 
of little use to put in more than 8% or 


109^1 tin. Since the hardness of pure 
lead is between 4V2 and S Brincll, we 
also perceive that the lead-tin alloy can 
practicably be made only about IVi 
times as hard as pure lead. 

Hardness is not the only important 
characteristic of bullet alloys. They 
must be melted and cast into bullets, 
and tlieir behavior during that operation 
is of practical importance. 

How an alloy melts and freezes is 
shown by what is called its equilibrium, 
constitutional, or phase diagram. Fig, 6 
shows in simplified form the lead end of 
the lead-tin equilibrium diagram. It 
makes clear there is no such thing as a 
'melting point' for such an alloy. De¬ 
pending on its composition, it begins to 
melt at a certain temperature hut will 
not all melt until that temperature is 
raised considerably. In the making and 
shooting of cast bullets, this character¬ 
istic works unfavorably in both direc¬ 
tions. 

When the alloy is melted for casting 
it begins to melt at the temperature 
shown by the solidus. It cannot be cast 
in that condition, however, and the 
temperature must be raised above the 
liquidns, with the accompanying in¬ 
convenience of higher temperature, 


more slagging, and loss of the alloying 
metal. When the alloy cools in the 
mold, it begins to freeze at the tempera¬ 
ture shown by the liqnidus; nevertheless 
it cannot be cut off and dropped in that 
condition, and the temperature must be 
further lowered to the solidus. This is 
far from idea! behavior in an alloy in¬ 
tended for casting. 

On firing, the high temperature for 
complete liquefaction as shown by the 
liquidns is of no benefit. The alloy loses 
all strength as soon as its temperature 
reaches the solidus. 

These unfavorable factors become 
unimportant only at very low percent¬ 
ages of tin. where the liquidns and 
solidus are almost together. The cost of 
tin is also not to be ignored. Everything 
considered, it is inadvisable to use more 
than a very small percentage of tin 
alone, say 3%, 

Greater effect of antimony 

The hardening effect of antimony is 
greater than that of tin. Its hardness 
curve (Fig, 5) is seen to be much 
higher, with less tendency to level off. 
The lead-antimony alloy can readily be 
made about 4 times as hard as pure 
lead. 
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Fig. 5: Hardening effect of tin and anti¬ 
mony used separately. Brinell hardness 
numbers (BHN> express compressive 
strength in kilograms per square millimeter 
(each number then corresponds to about 
1420 p.s.i.) or the numbers can be used 
simply for hardness comparison. It is evi¬ 
dent that lead can be made much harder 
with antimony than with tin 

The equilibrium diagram of lead- 
antimony alloys {Fig. 7) is of the same 
general form as the lead-tin, but its pro¬ 
portions are quite different. For our 
purposes, its most striking character¬ 
istic is that the liquidus intersects the 
solidus within the lead end of the dia¬ 
gram. At this eutectic composition of 
about 12 J% antimony, the alloy melts 
and freezes at a single temperature of 
about 486° F., and the disadvantages 
of the usual liquidus-solidus separation 
entirely fall away. The eutectic alloy is 
also of very good hardness. I have used 
approximately this eutectic of lead and 
antimony for riBe bullets with very good 
results. 

It has been stated that antimony 
should not be used alone to harden 
bullets, since that would leave free lead 
in the alloy in a condition to rub off 
on the bore surface and 'lead* it. It is 
true that the solid soluhilit)^ of anti¬ 
mony in lead is very small, only about 
Vi oi I % at ordinary temperatures, and 
that of tin is greater. However, the latter 
is still only about 2%. Where both are 
so small, it is hard to see how the differ¬ 
ence between them can be very im¬ 
portant. Possibly it might be in revolver 
and other soft bullets with very low per¬ 
centage of alloyj but in those the prob¬ 
lem of using antimony alone does not 
arise, since some tin should always be 
used for satisfactory casting qualities. 

In rifles, leading is uncalled for in 
any case. With correct loads (which 
will be described in Fart 4) leading 
be completely absent.^ Use of tin and 
antimony in rifle bullets rests on the 



Fig. 6i Equilibrium diagram of lead-tin al¬ 
loys, at the lead end. Pure lead melts ^and 
freezes at the definite temperature 621 F. 
When tin is added, the resultant alloy 
melts or freezes over a range of tempera¬ 
ture. Above the line marked liqittdus the 
alloy is all liquid, and below the solidus 
it is all solid. Between, it is a mush. For 
example, an alloy of 10% fin, 90% lead, 
begins to melt at about 510^ F., but will 
not all melt until the temperature is raised 
to 560''. Meaning of the eutectic is more 
easily seen in Fig. 7 


other consideration here described. 

In hardening, more can be accom¬ 
plished with tin and antimony together 
than with either alone. 

Credit for the use of tin and anti¬ 
mony together to alloy bullet rnetals ap¬ 
pears to be due to Dr. W* H. Hudson 
and the old Ideal Manufacturing Co. 
The hard alloy usually recommended is 
1 part tin, i part antimony, 10 parts 
lead? This, however, has little rational 
basis in the properties of Icad-tin-anti- 
mony alloys, and is not even very hard 
(only about 15 Brinell). It is, how'cver, 
some 30% harder than a 1 to 10 alloy 
of tin and lead. 

Type metals are well developed 

Type metal alloys are required to 
have much the same properties as bullet 
alloys—a sharply deffned melting and 
freezing point, fluidity when melted, re¬ 
sistance to crushing, and resistance to 
wear. To gain these qualities, alloys of 
lead, tin, and antimony have been used 
in type metals for centuries. During 
most of that time they were formulated 
by cut-and-try, and consequently type 
metals of the past have been of almost 
every possible proportion among these 
tliree metals. How'ever, beginning in 
Germany before World War I, and 
later in Japan and England, funda¬ 
mental research mapped the character¬ 
istics of these alloys and located those 
compositions which for specific reasons 
are better than any other. 

There is no such thing as 'type metal*, 
though sometimes certain compromise 
compositions are used as general- 
purpose type alloys. In most cases the 
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Tlic 
inclal 11 


same I 

requirements of the different pnn^r course 
processes have called for alloys metal, 

priate to each. There is therefore 11 cxBCff 
meaning in the words 'type mriL comtil 
alone; it is necessary to say wktiy harclai 
of type metal is meant. T when : 

Following are the alloys used forcuts* 1 
casting and plate making by a 'metal 
printing company in WashinjjP^ ing qil 
D. C.: * to gel 


fyps % Tin % AntirnQhf % ImcI W. 

Elflctmlyps 3.0 2.5 94*5 1 

Lmotvpa ^.0 12.0 04,0 

Stereotype *-0 14,0 60.0 ilj 

Mohoivpa 9.0 19.0 72ja 

A fifth kind, called foundiy^ metl 
IS made up of about 13% tin, lif 
antimony, and 62% lead, often 
to 2% of copper added* It is usodfij 
permanent type set by hand. For tliH 
reason it is formulated to be as barji 
possible, 35 Brinell or more. It mmtl 
cast by a type founder who has A4 
necessary equipment for melting it 
controlling its composition. 

The structure of these alloys iscoi^ 
plex, and their hardness is not in Ml) 
simple relation to the pro portion^ tf 
tin and antimony in them. Fig* 8 shod 
the hardness of all proportions of laq 
tin-antimony alloys up to tin 14%, 
mony 24%, That composition han| 
Brinell hardness above 32, or about! 
times the hardness of pure lead, andil) 
is evident that further increase in \k\ 
tin and antimony content would mab# 
the alloy still harder* ■ 

We have already seen, however, th3l|| 
the usefulness of a cast-bullet alloy ds-) 
pends not only on its hardness but ak] 
on its melting and freezing cbaracl^^ 
istics* It is not practicable to cliagia^ 
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Iicre tliesc characteristics for ternary 
(3-parf:) alloys since to do so requires 
a Winrcnsional portrayal, Howe^'cr, it 
has ken done and we can make use of 
the information obtained. 

There are Z eutcetic proportions of 
lead'tin-antimony* One has the com¬ 
position 4% tin, 12% antimony, 84% 
lead, with melting point 462® F. The 
other is 10% Hn, 10% antimony, 80% 
lead, with melting point 476® F, (It is 
mtciesting that this latter composition 
advocated for a bullet alloy by 
Dr. Hudson in 1906, before this 
eutectic was known.) The first of these 
alloys has a Brin ell hardness of about 
^2, and the second about 24. 

The second of these alloys thus shows 
a slight advantage over the first in both 
melting point and hardness. Tlte ad- 
rentage is so limited as not to repay 
its mudi greater use of costly tin. 

Suitobllity of linotype metal 

Tlic composition of the linotype 
metal in the above table is exactly the 
same as the first eutectic, which of 
course is no accident. This linotype 
metal the culmination of both long 
experience and scientific investigation, 
combines the adv'antages of very good 
hardness, sharp melting point, fluidity 
when melted, and inexpensive ingredi¬ 
ents. It is the best all-round hard bullet 
metal I have been able to find. Its cast¬ 
ing qualities are superior, it is very easy 
to get good bullets from it, and it is 


hard enough for most requirements in 
rifle bullets. It has the great merit of 
availability, since it is usually possible 
even in outlying districts to buy it from 
the local newspaper.^ 

For an alloy harder than linotype, a 
thorough trial was made of the mono¬ 
type metal in the table. This also is easy 
to cast, and its hardness (28 Brinell) 
makes it the best alloy for heavy cast- 
bullet loads. 

There is no good way of making 
lead-alloy bullets any harder than that. 
Tire foundry metal given above is 
much harder than the other alloys. 
However, it is too difficult to cast in 
home equipment. Before World War T 
a somewhat similar alloy for hardest 
bullets was sold by the Ideal Manufac¬ 
turing Co., but it was dropped. 

In my opinion, if the extreme in 
hardness is desired it would he better to 
use a xinc diccasting alloy such as 
Zamak or Kirksitc, which has prONCcl 
reasonably practical for making cast 
bullets. Bullets made of it are hard 
enough to shoot well with any safe 
charge of powder. 

The hard lead alloys are required for 
medium and heavy casbbullet loads. 
Some handloaders wish to use salvaged 
metal, reducing their ammunition costs 
to the very minimum. Like loaders of 
handgun ammunition, they will cast 
bullets of anything they can melt. With 
light loads (and those only) it makes 
little difference what bullet alloy is 


used. Alloys from \'ery hard to very soft 
perform about the same, and such loads 
can give the very finest grouping. The 
handloader whose environment or 
whose purposes call for light loads is 
therefore quite right in using whatever 
scrap is available. 

Be coutious with scrap metols 

Since it will be quite impossible to 
tell wliat is in such scrap metal, the 
user can take only certain precautions 
to get satisfactory casting. The most 
important precaution is to avoid certain 
types of contamination of the alloy- 
The most harmful of these contami¬ 
nants from his standpoint arc zinc and 
aluminum. Both have the property of 
markedly increasing the surface ten¬ 
sion of lead alloy, even when they arc 
present in only very small ajnounts. 
This makes it practically impossible to 
cast sharply filled out bullets. Tlic prin¬ 
cipal source of these two contaminants 
is diccasting metals among the scrap. 
While such metals can he used to make 
very hard, high-speed bullets, as men¬ 
tioned above, the melting pot and dip¬ 
per must then be very thoroughlv 
cleaned before being used with lead 
alloys. Great care must be taken to 
differentiate between lead and diccash 
ing scrap. In addition, the soldered 
ends of certain types of lead cable 
sheathing have a similar contaminat¬ 
ing effect. 

If there i.s any doubt as to the qnalitv 
of lead scrap, it should be melted 
separately and tested for casting be¬ 
havior before being added to metal 
which is known to he good. Neglect of 
this precaution can ruin a whole supply, 

These low alloys are the only ones in 
which the proportion of tin should 
equal that of antimony (note the elec¬ 
trotype metal above). About 3% tin is 
necessary for fluidity and good casting 
qualities. Prolonged or excessive heat¬ 
ing oxidizes the tin and antimony out 
of lead alloy, especially the tin. Also 
scrap lead can be counted on to contain 
much less tin than antimony. For these 
reasons it is always necessary to add 
tin to scrap lead to make it cast well 
into bullets. 

Tips on casting bullets 

During casting, the melt must be 
hotter than the bullet mold if the 
bullets are to drop well from the mold. 
Alloys of known composition should be 
kept at about 100“ F. above the liquidus 
during casting. Alloys of unknown com¬ 
position will have to he controlled by 
trial. Take great care not to overheat 
the metal since that burns out its 
constituents unequally. A bullet mold 
which is never oiled or greased will make 
good bullets with maximum ease, and 



Fig. 8: Hardness of lead-tin-antimony alloys in the range of compositions practicable for 
cast bullets. (Shape of this diagram is due to fact it is one corner of a triangular dia¬ 
gram covering all proportions of the alloy.) Each curved line marks out all alloys of 
the Brinell hardness number indicated. To read the diagram, select % tin on bottom 
edge and % antimony on left edge, and at coordinate intersection note nearest hardness 
line. For example, intersection for 8% tin and 8% antimony falls near line labeled 20, 
indicating a BHN of 20 for a alloy of 8% tin, 8% antimony, balance lead 











• HEAT-TREATED BULLETS 

Bedford, Ohio 


Editor: , 

It has long been 

monv alloys in the range 2% to 8 m anti 

Zo7y ar/ susceptible to heat-treatment 
with a notable increase m h=trdne^s an 
strength. However, this appears not to have 
come to the 

The American Society rui i 
granted permission 'j, 

Metals Handbook, ‘he table below. ^ 
shows the approximate tripling of hardness 
hy heat-treatment, and the slow decline of 
hLdness with age. These samples were 
S-treated at 235“C. (456"F.). quenched 
in cold water, and aged at room 
Hire. Sb is the chemical sytnbol for anti¬ 
mony, and H. T. is the abbreviation for 
heat-treated and heat-treatment. 


Fie 9- Carrying lead pot outdoors for flux- 

A 1,0.; .. iS midpoint m. over 

the spout on bottom of pot. ^ 

slipping. The long uv^holts bring ht 
nXs of attachment of the bail uhuve the 
S^s center of gravity, so it is stable when 
earned 


“r“L-s.=; 

j ^ 7 4 104 f 

dfljf doyi dcrjfi yBOf* 


4^; 3b ogftd w'oyi W-T- 
4' ; Sb H.T. and aged 
6- ; Sh ogect w'oyt H U 8.6 
4-.;,SbH.T.0]ndo9ea 23.5 25.0 

8C{ Sb oged w ayt M.1. 

0',^, Sb HX find agea 


24.3 22.0 


26.5 25.3 


8.6 

22.8 

9.0 

21.2 

VO.l 

24.0 


8.3 
lfi.4 
9.0 
17.4 
10.0 
1 9 9 


Mill pcniiit lowering tlic aisting tem- 
oLTatme materially. Store the mold 
with VPI to prevent rusting. 

i'luxing’ the melt will throw dovtti 
solid metal entrained in the shg, and 
also improve emdity. llnxnig before 
shimming will prevent tahmg out the 
alloying metals. The usual flnx is a 
small piece of wax or fat (it is not 
nccessar\' to use a piece larger 
32 revolver btillef) dropped onto the 
surface of the metal, which is then 
stirred, allou ing the flux to decompose 
and reduce the slag. The rcsnltmg smohe 
can he ntinimi/.cd bv ligbting the gas 
eivcii off. I have found oilsoahcd saw¬ 
dust the most comcnient flux, leaving 
minimum deposit on the pot to con¬ 
tinue smoking.^' 

The modern electric melting pots, 
cspcciallv when thermostatically con¬ 
trolled, have by their quietness, com 
vcmcncc, and close control done much 
to decrease the labor and improve tlic 
results of bullet casting. Since they arc 
almost always used indoors, they tempt 
one to omit the fluxing operation. 1 he 
greasy smoke from fluxing is damaging 
to house interiors. The remedy u ^ 
carry the pot outdoors for fluxing, uh di 
should be done at .' 

Sonic pots have no provision ^ 
ing while hot, but a carrying bail such 
as that shown m the photograph cm 
readily be made. 


The alloy is quite soft immediately after 
quenching. The slight decline of hardness 
with age may be retarded by storing 

'^^The'^'handloader does not ordinarily 
possess heat-treating equipment, but he can 
drop the cast bullet straight ffom "told 
into cold water, and that is what I did. The 
bullet hardness produced was tested wi 
an indentation apparatus, in «ar soii 
with bullets cast of linotype metal. Follow 
iiig are ihe results: 


dropped from moW 


Test 

1 


A/fo/ 

Vj scrap teed 
i/j strop lypematol 
51 : on litnoiiy 
9S''.I lead 
dnlirafiny 
\ Tin 

947(1 

5^1 antimOTiiY 

T \ tlfi 

37 ontimony 
3% iirt 
947 tedd 
12% ant I mopy 
3% 

85 


onto 

soft 

loft 

soft 


soft 

soft 

soft 

htiH 


appcd arum 7 

info cfiM water and 
a god leverat dayr 
opp’:^ hord as . . 
linotype me I pin BHN 22 
slighlly softer ihan 
Unoiype motal 
app'ji hord os 
linotype metal 

Qpp*:^ hofd oi 
linotype metal 

app‘x hord as 
linotype mEtol 

no further hardening 


, tin 
l«ad 


Tests 2. 3, 4, and 5 were made partly to 
determine the effect of tin on hardening. 
K increases hardenability with ^his qtjench- 
ing method, but good hardness can be at 
laincd without it. 


The level of hardness achieved seem, 
reasonably independent of the “7 

position. Almost any witch s brew of s^ 

Lould harden ^“bsfactorily if U co"' ^ 
a few percent of antimony and perhap 

“r-L”rr& S'| 

S^'even when cooled slowly, 
ing them in cold water gives no additionaljl | 

^“^bullet is dropped intmediately J 

K, a teaspoonful of ^Pb'^b will c. J 
^Sr’open mold every 
place the mb so that no drop of sptoW 
can ever reach the melting put 
hot lead. As an added precaution stand beT 
tween the tub and the pot while thopp^l 
bullets A bucket is not large enough-iod 
“ b^lcts miss it. or are ^« 

striking the sides. Above all, do not use . 
kcat for drying the bullets as that wouldi 
Sen them again. Sizing will be easier iH, 
you do it before the bullets have a chanc^j^ 

This'^method of heat-treating is 
preeipitation hardening, and is the 

used to harden beryllium-copper and i«l| 

heat-treatable alumimim alloys. There T 
sol similarities between the trea.men ^ 
the lead-antimony alloys J 

carbon steels, with '''bich mos of us . » 

more familiar. In steel carbon is t^e harHl 
cning agent, and only 0.82% is needed 
mu mirdening. In our bullet alloV* an imH | 
ny is the agent and less than 3% enters the 
hLdening reaction. More 
but little to the hardness, but 7% to Wi 
is desirable for better casting 
and also a little tin tor the same reason.,,! 

Quenchin.E must be drastic. We must ^ 1 
allow time tor ihe constituents which es^f 
at the higher temperature to change intoh 
unwanted soft products before ‘he meiif 
reaches the safe cold state. A range of f 
hardness from very soft to very hard 
be had merely by varying the ther^f- 
treatment, without varying the compositioif 
of the metals at all. j 

But I guess the joke is on ."‘e after aO 
For 35 years I have been casting buUets of [ 
that lowly W scrap lead, % scrap typ^|^. 
metal mixture of Test 1 without ever °n« 
suspecting its true worth, 
ancient instructions, dropped the bullete, 
from the mold onto the traditional so^ 
cloth where they annealed into mere shi^| 
shadows of their proper hard selves AaJ 
ready to hand, in a volume consuUed 
ally hundreds of times, were all the metalf 
lurgical data needed to produce heat, 
treated cast bullets. 

The increase in hardness of 7, M 
samples tested was spectacular, and ]usis|. 
fics a belief that the process may be valu¬ 
able to many shooters, especially 1ho« 
who must depend mostly on scrap mcMi 
1 have not determined whether the heat oh 
powder gases and bore friction may sohe - 
the surface of these heat-lreamd cast bul-i 
lets, and that must be determined. 

James V, King i 
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B are lead bullets must be greased, as 
otherwise the lead rubs and tears 
off the bullets and sticks to the rifle 
bore, making satisfactory shooting im- 
possible. 

Some experimenters have believed 
the kind of bullet lubricant used had a 
great effect. On that basis my own in¬ 
vestigations were concentrated on bub 
let lubricants for some I was 

forced to conclude that choice among 
all available lubricants can do no more 
than improve results, being decisive to 
success or failure in only a few special 
cases if at all.' 

Nevertheless, the handloader must 
choose a lubricant. Application of the 
lubricant is connected with the ques¬ 
tion of sizing bullets, and that turns out 
to have a bearing on bullet design, 
which most certainly is a decisive fac¬ 
tor. So consideration of bullet hihricants 
is necessary. 

Lubricant action not known 

The action of cast-bullct lubricants is 
not known. Those which have been 
most used are not even very good lubri¬ 
cants as lubricants go, yet changing to 


materials which arc good lubricants has 
not generally appeared to make much 
difference. 

The first bullet lubricant was tallow. 
It obviously was used because it was 
available, and it turned out to have 
the additional good points of convenient 
consistency, ready application, and rea¬ 
sonably good performance. It had the 
disadvantage of decomposing in time. 

Tallow was therefore replaced by cer¬ 
tain waxes which arc more stable. Some 
of these a^e vegetable, such as carnauba 
and Japan waxes. Others arc of bnincrar 
or petroleum origin. Under various 
names, such as inontan, ozocerite, and 
so forth, these are merely paraffin wa.xcs 
of varying hardnesses and melting 
points. 

Concoctions of waxes, often with 
addition of oil and graphite, were de¬ 
vised for bullet lubrication by the prin¬ 
cipal rifle shots of the 1880's and 
I890's. Unique virtues were ascribed to 
these, but they were all intended to 
form a material of convenient con¬ 
sistency, readily applied to the bullet, 
and leaving a more or less favorable de¬ 
posit in the bore. The widely-used Ideal 
bullet lubricant, supplied by Lyman, ap¬ 


pears to be made of waxy materials. 

Bullet lubricants of this kind give 
good results with most correct cast- 
bullet loads. The handloader can make 
up sendceable ones for himself. One 
which was long used by the NRA Tech¬ 
nical Staff is composed of equal parts 
beeswax and paraffin wax, melted to¬ 
gether and 14 Bieir volume of cup 
grease added, plus graphite if desired. 
The proportion of cup grease is ad¬ 
justed by trial to make the lubricant 
suitably flexible and plastic at the tem¬ 
perature at which firing will be done. 

Another, which I used for years, is 
made of equal parts by volume of bees¬ 
wax, castor oil, and powdered graphite, 
lire proportion of oil is adjusted to 
make the mix plastic and not brittle. 
Castor oil has had a had name for 
gathering in drops when mixed with a 
wax. Perhaps it does so in a paraffin 
wax. However, it has never shou.Ti anv 
tendency of this kind in the above mix¬ 
ture, and I kept one lump of it under 
obsen atioii for 8 years. 

All the bullet lubricants mentioned 
up to this point can be applied with a 
mechanical lubricator, or by dipping the 
bullets in the melted lubricant, or by 
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Fig. 9 : Best ^a^it-bullet loads kave a "targets Tnfrea^ J-ing 

as shown in photograph on \tfX As p result in appearance of a thin, 

lessens and heaviest opposite^ the lands, as shown 

lightly-attached ^ng of lead Pn ^PP^^ ^e no leading bnt 

in photograph on light. With stow nurmr.g ^ ^ reduced-load rifle powders, 


stri tiding them in a pan of melted kibn- 
cant wliich is allowed to solidify and 
the bullets then removed with a cylin¬ 
drical cutter. For the latter two meth¬ 
ods it should be remembered that the 
araphite will tend to settle out while 
the melted lubricant is kept standing. 

Very little cast-bullet lubricant devel¬ 
opment has gone beyond this point. 

Waxes unfavorable 

While waxes are convenient to han¬ 
dle, they have other characteristics 
which at least appear to be unfavorable. 
Ihdr standing as lubricants is poor, 
and they are nc\ er used industrially for 
lubrication tasks of any severity, 
molting point and flash point ate both 
low. They arc undesirably hard when 
cold and soft when warm. 

It is obvious that the bullet and nne 
bore are subjected to great heat and 
pressure. It appears to have escaped 
general attention that smokeless powder 
gases arc also oxvgeivdcficicnt, so it is 
impossible to obtain a clean burn-off 
of the liihricant in any event. 

Graphite has a good deal of im- 
numitv to such conditions. In a chem- 
icallv reducing atmosphere, it is surn- 
ciently stable to he used even for cruci¬ 
bles. For a radical solution, an attempt 
was made during this investigation to 
use graphite alone, in the form of a 
water paste which was allowed to dry 
on the bullet, though this required a 
good deal of care and trouble. ^Vhlle 
there rvere a fetv striking successes, this 
was in most cases a failure. About the 
same results svere obtained with ]iow- 
dered molybdenum disulphide used in 
the same w^ay. Dty^ lubricants used alone 
appear to be for some reason unsuited 
to bullet lubrication. 

It therefore was riccessar)' to return 
to a lubricant of more nearly conven¬ 


tional tvpe. This forced the choice into 
some form of the fixed lubricating 
greases, which differ fundamentally from 


waxes. 

Lubricating greases 

Lubricating grease appears to have 
been invented in Germ3ny ciboiit 136 y. 

It consists 85% to 95% of oil, nsuallv 
petroleum oil, held in a gel by a chem¬ 
ical soap, usually of sodium, calcium, or 
lithium base. It is a much better lubri¬ 
cant than wax, and it is also far less 
sciisifit'c to temperature changes. Lubri¬ 
cating greases have a comparatively high 
melting point, and it is generally not 
practicable for the user to melt and cast 
them. 

The most familiar type is automobile 
chassis grease. The various brands, while 
differing in appearance, are practically 
all of good quality. However, they are 
nccessarilv made soft for application 
tlirougb pressure fittings, and arc much 
too soft for convenient use on bullets. 

A slightly stiffer lithium-base grease is 
inadc for use in all pressure fittings on 
the automobile, hence is called multi¬ 
purpose or “MP" grease. True water- 
pump grease is a little stiffer still, but 
is not always obtainable. 

As bullet lubricants, the above three 
types of automobile grease perform 
about the same.’They permit vers- ac¬ 
curate shooting with light cast-bullet 
loads, apparently because of the soft 
fouling left in ” the rifle bore. With 
medium and licav'v cast-bullet loads 1 
hare not found tliem to do so well, pos¬ 
sibly for some reason connected with 
their softness. Tlicy are all three too soft 
for consenicut application to bullets or 
handling the bullets afterward. 

It was found quite practical to in¬ 
corporate large proportions of graphite 
or molybdenum disulphide in chassis 


grease. This cannot be done successfully 
bv hand, but is easy with power mixing. 
The mixer is a sliort piece of heas^ 
wire, with one end bent into a loop 
and the other end held in the chuck of 
a drill press, electric drill, or geared 
breast drill. This w-ill incorporate the 
grease in a few minutes. 

A good basic formula 

A good basic formula was found to 
be equal parts by \'Oluine of chassis 
grease and pow^dered graphite or raolyb- 
dentun disulphide. A stiffer grease can 
be used for the base, but then the pro¬ 
portion of graphite or molybdenum 
disulphide must be decreased. If graph¬ 
ite or molybdenum disulphide of special 
fine particle size is used, its proporHon 
in the mixture must be decreased. Tins 
also must be done when the reside 
left in the rifle bore is stiff or dry. The. 
mixture behav es as though each particle| 
of solid lubricant must be surro«nded(, 
bv the carrier grease. 

' Such grease mixtures gave very ac¬ 
curate shooting when properly ad¬ 
justed. These good results seemed to be 
due to the favorable residue left in t!ie 
rifle bore. However, the proportions of 
the mix had to be adjusted for different 
loads (in contrast witli wax lubrican^ 
which are not sensitive to the 

amount of graphite used). While the 
solid lubricant stiffens the grease som^ 
what, it is still s ery inconveniently soft 
for application to the bullet and foi 
handling the bullet aftenvard. Hiis in- 
con\‘cnicnce extends to the cornpkte 
ammunition when it is of a kind lc3\iii| 

' ■ ■' '--led 


grease g^oo^'es exposed in the 
cartridge. The performance gain 
wax lubricants such as Ideal was sou] 



Fie. 10: Sizing does not remove fnoiJ 
defects, since they are not limited 
of the bullet bands. Sized bullets 
here have defects (see arrows) whicEia 
not removed by sizing but only made i 
conspicuous under a smoothea cmi « 
urease. Out-of-roundness, being aJS W 
the bullet, is still less removed by sw 
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small, and was considered not worth 
the inconveniences. Ideal was tlie bet¬ 
ter in some heavy loads. 

For practicable improvement, then, 
we are left with lubricating greases 
manufactured so as to be stiff* Such 
greases do exist, for example the very 
stiff and sticky sodium grease used on 
the side rods of steam locomotives. 
This has been used on revolver bullets 
by a few handloaders, but is not gen- 
crally available* Howev^er, a grease of 
rather similar characteristics was 
brought on the market in 1957 by the 
firm of Cooper-W^oodward, Riverside, 
California, under the name Perfect- 
Lube. While this bullet lubricant docs 
not give performance markedly differ¬ 
ent from that of wax lubricants under 
temperature conditions favorable to the 
latter, it is much less sensitive to beat 
and cold than wax lubricants* 

Synthetic lubricants offer possibilities 

The remarkable synthetic lubricating 
materials which have become available 
offer interesting possibilities. In 1957 
the investigation was extended to two 
such lubricants made up into greases 
by a laboratory familiar with the prob¬ 
lem. They had striking physical prop¬ 
erties, including remarkably high melt¬ 
ing and flash points. Nevertheless they 
gave little performance ijnprovement, 
and one of them, a silicone (siloxane), 
left a deposit in the bore more difficult 
to remove than leading. It is quite pos¬ 
sible that some markedly superior bullet 
lubricant eventually w ill be developed, 
it would extend the usefulness of light 
loads fired without the gas check. At 
the other extreme, it might also raise 
the practicable v'clocity of cast bullets 
\^ith heavy charges of slow-burning 
powder, the failure of which, as some 

f 



Fig. 11: Sizing tends to damage bullets* 
Ptmtograph shows result of sizing from 
.317'' to .308" in 3 steps. (To make effect 
vhible, bullets were cast of soft alloy in a 
most pcint-cutoff mold which left bases free of 

to tops any sprue mark.) This sizing is little more 

shown. [hat regularly required on bullets as 

lich are caM by some molds* Bullet on left is un¬ 
lade in- sized. Other bullets show bulges in base 

coat of horn the stresses produced by sizing. The 

ill over mi bullet metal has to go somewhere 
sizing 


evidence has shown, sometimes occurs 
from softening of the bullet surface by 
friction on the bore* 

In any case, all lubricating greases 
must be applied to the bullet either by 
rubbing on by hand (obviously appro¬ 
priate in only small quantities) or with 
a mechanical lubricator, since they can¬ 
not conveniently be melted* 

The mechanical lubricator is already 
an old device. It was developed first as 
a convenience, and from that stand 
point its value can hardly be over-esti¬ 
mated by the rcloadcr preparing many 
cast bullets. But it is also used to ‘size' 
or reduce the diameter of the cast bul¬ 
let, and that we must now consider. 

Poor bullets not improved by sizing 

Bullets as cast arc not round, though 
from a good mold they arc nearly so. If 
the greased bullet is forced through a 
die smaller than itself, it is made round 
and the grease is smoothed flush with 
the bullet bands, giving a good appear¬ 
ance. 

It has often been stated that the con¬ 
dition of tlie bullet is improved by this 
operation* This may be true to a limited 
extent in the case of bullets from a 
mold in bad condition, or bullets badly 
cast. The die, however* touches only 
the tops of the bullet bands, but out- 
of-round ness and most casting defects 
extend to the rest of the bullet and are 
not removed by sizing (see Fig. 10). A 
poor bullet is made to look well when 
greased and sized, but not shoot well. 

Sizing a materia! amount, in dies 
gcncrallv available to the luiudloadcr, 
is in fact likelv to be damaging (sec 
Fig* 11)? 

The above facts were well known to 
the highly proficient users of black- 
powder Sebuetzen and bench-rest rifles. 
They never sized bullets for these rifles* 
often using tapered or 2-diametcr bullets 
which could not be sized, and their 
cast-bullct shooting was the best that 
has ever been done. Dr* Mann pointed 
out that sizing bullets must damage 
them. Incidentally, be concluded on the 
basis of exhaustive tests that the body 
of a bullet should be of only bore (not 
groove) diameter* My own experience 
(which also includes some with Scliuct- 
zen rifles) and that of successful cast- 
bullet experimenters made known to 
me, confirms that the best shooting is 
done wntb bullets as they come from a 
good mold* 

Application is limited 

The practical application of this, 
however, is limited by existing molds 
for *50 cab bullets. Many of them cast 
bullets so grossly large that tlicy must 
be reduced by sizing, sometimes tw^o 



Fig. 12: Wrong and right dimensions to 
which the bullet should be cast. Body 
should be not greater than rifle groove 
dia.aeter. Forepart must be not smaller 
than rifle bore diameter 

sizings at the cost of extra labor. When 
only such a mold is available, sizing is 
neccssarv. 

Molds are now offered on special 
order for some .30 cal. bullets which 
arc less oversize, and this reduces or 
eliminates the nceessit)' for sizing. How¬ 
ever, the bullets from some of these 
molds are smaller not only in the body, 
but all over. Since this affects bullet 
design* a decisive factor in the success 
of cast-bullet loads, it must be con¬ 
sidered* 

Most cast bullets for .50 cal. rifles 
arc made of a Ijody plus a forward part 
to ride on the rifling lands in the bore. 
The design is obviously plausible, but 
sufficient attention has not been given 
to its application. It is defeated when 
its dimensions arc unsuitable? 

Under what appears to be a desire to 
make certain tlie body will fill the 
grooves and the forepart will go easily 
into tlie bore, most molds are made so 
as to produce the bullet body materially 
larger than the rifle grooves and the 
forward part materially smaller than the 
rifle bore. This has got the thing back¬ 
ward. A cast bullet body of .308" will 
fill the grooves as successfiiny as any 
larger size whatever. A forepart of full 
.500" diameter will go into the bore of 
a new barrel and will be no more than 
large enough. When even sliglitly under 
bore diameter it cannot be kept from 
bending and slumping with any but a 
verv' light cliargc (sec Fig. 5, Part I)* 
Its eccentric mass then gives rise to a 
whipping action as the bullet spins, and 
computation sliovvs the resultant cen¬ 
trifugal force to be abov'C the compres¬ 
sive strength of the lead bearing on the 
tops of tlic lands. A rotating bullet in 
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Leading destroys cast bullet accuracy. It can be caused by poor lubrication, gas cutting, soft 
alloy or too high velocity. 


the rifle bore is in unstable equilibrium, 
any displaccmcni from its axis causing 
forces which tend to increase the dis¬ 
placement. When this process is al¬ 
lowed to begin, the necessary consc' 
quence is wild shooting. 

Correct bullet dimensions important 

It is useless to attempt accurate 
shooting with a wrongly-dimensioned 
bullet. This matter is so important that 
the wrong and right dimensions are 
shown in detail (Fig. 12). 

From that figure it is seen there is 
little point in the usual question as to 
whether the cast bullet should be of 
groove diameter or larger. Both parts of 
the bullet must be specified. The bullet 
body should be of groove diameter; with 
a somewhat larger body, good shooting 
can be done but not the best. The bul¬ 
let forepart must fit the bore closely. 

Accordingly, the usual cast bullet 
with oversized body and undersized fore¬ 
part cannot shoot well. A special mold 
casting the bullet with body less over¬ 
sized than usual is advantageous as to 
the body, but if the forward part of the 
bullet should at the same time be re¬ 
duced from its usual diameter which is 
already too small, the loss is greater 
than the gain. Much better results will 
be obtained by buying a mold for the 


largest bullet available and sizing it 
heavily to bring the body down to a 
reasonable oversize, accepting the dam¬ 
age to the bullet in order to get the 
necessary diameter in its forepart. 

It will be obvious that at best the 
above procedures are only expedients. 
The only way to get best shooting from 
cast bullets is to cast them in a mold 
which makes them the right size to be¬ 
gin with. 

Plain-base bullets arc a special case. 
They should be paid some attention, 
since while their power must remain 
quite limited, they afford the cheapest 
shooting possible. (Gas check bullets 
can be fired without the gas check in 
such loadings, making a special bullet 
unnccessar}^) While as stated above an 
ov^ersized bullet can be sliot with reason¬ 
able accuracy, an oversized .30 cal. 
plain-base bullet is impracticable be¬ 
cause of leading. Even with correct 
powder charges, lead is deposited on the 
rifling lands. Reducing the bullet to 
groove diameter corrects this, and 
correctly-loaded plain-base bullets not 
larger than groove diameter can be shot 
quite accurately and wath great satis¬ 
faction. 

Before going on to the other gov¬ 
erning features of bullet design, it is 
ad\isablc to consider the matter of 
leading. 


Troublesome leading 
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Leading is a ver\' serious troii 
It makes the shooting w ild until the I 
is removed. Removing it can be vei}' di 
ficult. The brass wore bore brush d 
little more than burnish heavy Icadii 
over which succeeding bullets 
passed. Softening the lead by amal 
a ting it with mercury has often b 
recommended, but is tedious and tl 
mercury is not ahvays obtainable.* 

The only cleaning materia! 1 \m\ 
found effective in removing leading is^ 
medium steel wool (fine is ineffective^ 
Wrapped on a brass bore brush, it cai 
scrub the lead out. One rifle used ^ 
this investigation w^as intentional 
leaded many times in tests of bull< 
lubricants, and the leading removed S 
this w'ay. Examination with a Zeii 
Kollmorgen borescope shows little da 
age attributable to the method of deal 
ing, but of course it does some harm, 

Firing jacketed bullets takes out leai 
ing, and I believe that is by far 
best w^ay. For safety, first remove tlie] 
bulk of heavy leading rvith steel w 
then two full-charge rounds siiffii 
These will leave their own metal loi 
ing which must be ware-brushed oul 
before firing cast bullets again—it imv 
not be visible to inspection from 
ends of the barrel, but it is there. Re¬ 
duced loads minimize the fouling froi 
jacketed bullets, and may be ad visa' 
in some environments. Three shots ml 
jacketed bullets loaded to about 201 
f.p.s, clear leading out excellently, a 
their fouling is brushed out with casej 

It would be of little use to remov 
leading only to hav e it reappear. Fo 
nately, it is completely preventable, 
occurs only through lack of knowlcdi 
of prevention. 

Leading results from excessive cliar[ 
of reduced-load powders (4759, 2401 
IMR 4198, etc.). Medium and si 
burning powders beginning with JMJ 
4064 do not leave leading in any 
charge. Leading is positively pre\entd ■ 
by limiting the charges of reduced loaj , 
powders to those that will be gi^’en ra ^ 
Part 4. Medium and slow^-burning pow , 
ders can be used in any charge wliid 
shoots well. 

This prevention of leading is so poj 
tive that even pitted barrels can be usi 
w'ith cast bullets without trouble. Tfi 
long-standing belief that pitted barrel 
must lead reflects the fact that casf 
bullet loads, including also .22 nmfire;£ 
ha^e been marginal in this respect m 
poor bore condition was sufficient to! 
make them unsatisfactory. Correct \o^\ 
ing makes cast bullets practicable in 
anv barrel properly serviceable for jack 
eted bullets. 
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I N addition to possessing the correct 
diameters in its body and forepart, 
the bullet must be of a form adapted to 
Hie rifling* 

Rifling can be variously designed. 
After long experience, it has been con¬ 
cluded generally that the various rifling 
fonus give only limited differences in 
performance with jacketed bullets. It 
developed in this investigation, how¬ 
ever, that the form of rifling affects nia- 
tenally the performance of cast bullets. 

Rifling forms commonly encountered 
in JO-W rifles are sliowm on page 25- 
Almost all cast bullets for rifles are 
made up of a fonvard bore-size segment 
and a rear groove-size segment. Fig. 15 
illustrates the 5 proportions in which 
this can be done. 

The vital feature is length of bearing. 
Failures are due to the bearing not be¬ 
ing long enough, or to its being divided 
unsuitably between the 2 parts. 

It might appear at first sight that the 
bullet with long bore-size forward part 
is best, since that permits most of the 
bullet to lie ready aligned in the bore 
before discharge. An artillery shell is so 
designed. Its steel body lies almost en¬ 
tirely in the bore on loading, and its 
forward shoulder or bourrclet rides on 
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the lands and so guides the shell at its 
forward end, while a narrow driving 
band seals and guides the aft end. 

In general, such a design fails in a 
cast bullet. The reason is that most bar¬ 
rels are rifled with a few narrow lands, 
and the bullet body is not steel but onlv 
alloyed lead. The body is then too easily 
pressed down over the lands on one side 
or another by the forces of discharge, 
tilting the bullet in the bore. From that 
condition, it will yaw excessively in 
flight, and successive bullets will^ not 
fly the same. 

For this reason, reliable cast bullets 
generally must have a long body like 
that of the right-hand bullet in Fig. 13; 
or a body of good length with a forward 
bore-riding part of moderate length, as 
in the middle bullet of that figure. 

There is an important exception. 
Model 1903A3 Springfield rifles are for 
the most part rifled with only 2 grooves, 
leaving 2 extremely wide lands. These 
positively guide the long forepart of 
bullets like the left-hand one in Fig, 13. 
Such bullets are best in these 2-groove 
barrels, though others can often be 
made to group very w'ell. 

There is ample variety to meet the 
above requirements among the many 


bullet designs available. This variety is 
one of the most attractive features of 
cast bullets. 

The 10 bullets which were found 
most valuable are shown on page 
26* Accompanying remarks tell some¬ 
thing of how they should be used and 
wdiat can he expected of them. 

Powder chorge determines success 

The most important factor of all in 
the success of cast bullets is the pow¬ 
der charge. It must get the bullet out 
of the barrel without deforming it. 

It is on precisely this point that most 
cast-bullet failures have been made. 
The fact that loads must be reduced 
from those used with jacketed bullets 
has led to the employment of reduced- 
load powders predominantly. They have 
been loaded at what seemed a reason¬ 
able level (usually indeed quite a safe 
one), the bullet was deformed by the 
pressure of the quick powder, and the 
handloader never knew what happened 
to the accurate shooting he expected. 
The error is in using mainly the fast- 
burning powders. They are correct for 
very' light loads only. If anything more 
is wanted, it is nccessaiy to go to 
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Fig* 13: The 3 basic forms of cast bullets: 
(L to r.) No, 31 1334, short body and long 
bore^riding forward part; No. 3112S4, body 
and forward part both of good length; and 
No. 311467, long body and very little 
forward part 


medium' and slow-burning types. The 
vcry^ slowest can be used, and for heavy 
cast-bullet loads they must be. To the 
first class belong Unique, 4759, 4227, 
2400, the 30 carbine powders, and {for 
our purposes) 4198. To the second be¬ 
long 3031, 4895, Hodgdon B. L. 
Ball-Powder, 4320, 4064, and HiVel 2, 
To the third or slow-burning belong 
for example HiVel 2 again, 4350, 4831, 
and .50 machine-gun powder. Within 
the first 2 classes, the charge must be 
much lighter than commonly used for 
those powders. Velocity increase is ob¬ 
tained by going to the next class. In the 
last class comparatively hea\^ charges 
may be used, with some powders even 
the cartridge case full. 

Taking a gross view, it is clear that 
a too-heavy charge deforms the bullet 
beyond the point at which it will group 



13 grs. bulk sholgun 
ISO-gr. 

25,200 p.iJ. 


20 grs. bulk shotgun 
t50-gr. bullet 
35,200 p.j.r. 



27 grs. Hodgdon B.L. ''C" 
200-gr. 

72,800 p s.l 



27 grs. IMR 4064 
200-gr. bullet 
16,.600 p.s.L 



40 grs. Hodgdon 8.L. "C'' 
200-gr. bullet 
48,300 p.s.j. 



33,300 p.%X 


well. However, it appeared at least | 
sible that ignition and burning chara 
teristies of the propellant might 
affect results. Some investigation thei 
fore was made on this point, and soiq 
of the examples obtained are shown i 
Fig. 14. These give a rather strong 
dicat ion that fundamentally the heig) 
of the peak pressure decides success i 
failure with cast bullets. 


, plain-fc; 
careful 
charge 
'bine H 
. cause 
' incnt. 

Delivfl 


Maximum performance level 

From this and many other indie 
tions, I believe that with presently ai'd 
able means, the maximum perfonna 
lev^el attainable with lead-alloy build 
in the .30-'06 with reliably accun 
shooting is represented by about 22i 
f.p.s. velocity and 30,000 p.s.i. prcssi 

1 have never seen any good indicati 
that one kind of powder will shoi 
smaller cast-bullet groups than aiioth^ 
presupposing correct loading. Thci 
are, however, a few kinds which for ( 
tain reasons are especially suitable' 
unsuitable. 

The only one which I believe has aii| 
clearly unfavorable characteristic 
Unique. Though excellent in ma^ 
ways, it tends to leave small deposits j 
half-burnt lead near the chamber, m 
no way of loading could be found whic 
completely prevented it. This powdi 
the only one which behaved in 
way, should, I believe, not be used wfl| 
cast bullets in the .30-'06. 

HiVel 2, remarkable as the only ] 
der which can be loaded in a wide ; 
of charge weights behind cast bullei 
sometimes leaves a little round drop( 
two of lead in the rifle bore. Tliis, hoi 
ever, can be corrected by a slight redia 
tion of the charge or with a soft 
over the powder as explained below. 

At the other extreme, BalkPowdi 
has the favorable property of a 
flame temperature especially at the sfc 
of burning. There proved to be no : 
cial need for this distinctive cliaracb 
istic in cast-bullet loading, except 


sc; 
neck, i 
rifling 
been | 
1 agrees 


Fig. 14: Pressures vs. time developed I 
some powders suitable for cast bulb 
Horizontal scale of time (L to r.) is ma 
in tenths of milliseconds; peak pressure a 
noted in pounds per square inch crusta 
gauge, which is usual measure of powdfl ' 
pressures. The left-hand charge of eai 
pair shoots good groups with cast but 
lets, the right-hand charge shoots pod v 
groups. The powders differ in smooth ms fl 
and general form of pressure curve, slept ^ 
of its rising branch, and ignition time; btf ^ 
in all the powders, the characteristic difid 
ence between good-grouping and poor- ^ 
grouping loads is height of the pressul 3 
peak. Each powder can be used vaj 
successfully with cast bullets, the oue 
essential being use of a limited charge iw 
that powder 


too 
bullet 
hull 
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plain-base bullets. These require rather 
careful adjustment of the powder 
charge to prevent leading, and .30 car¬ 
bine Ball-Powder is very convenient be¬ 
cause it is less critical in this require¬ 
ment. 

Delivering bullet straight into barrel 

Since a successful load must deliver 
the bullet straight into the barrel, an 
investigation was made of special load¬ 
ing methods, calculated to accomplish 
this, which can be followed with the 
usual loading tools. 

One of these is the old practice of 
seating the bullet shallow in the case 
neck, so it is pressed against or into the 
rifling when the rifle is closed. This has 
been beneficial in the ,22 rim fire, and 
' agrees in principle with the practice of 
I pre-seating the bullet in the rifling 


which was follo\^'cd in blackpowder 
target rifles, {Loading in this way may 
cause an undesirable pressure rise in 
fulLcharge ammunition with jacketed 
bullets, but in ,30 cast-bullet loads this 
has no importance.) In light loads this 
procedure makes ver\^ little performance 
difference. In medium and hea\ y loads 
it results in some impros cnicnt in both 
alignment and sealing of the bullet, but 
the effect is small. 

It appeared there is no benefit pos¬ 
sible from unconventional ways of 
sizing and expanding the case neck. 
The least harmful of these proved to be 
use of a neck-expanding plug .OOF or 
,002" smaller than the bullet, as with 
jaeketed bullets. Bullets not above 
groove diameter can be loaded in the 
same die equipment as that for jaeketed 
bullets. However, an expanding plug of 
full bullet size is better. It is true that 


care must be taken to keep cases 
trimmed to the .30-'06 allo\v'able over¬ 
all length of 2.404", and to segregate or 
reject cases into which the bullet seats 
too easily in assembly. Here the am¬ 
munition manufacturer has an advan¬ 
tage in obtaining uniform results since 
he uses only new cartridge cases. 

It might be expected that wads would 
be useful to protect the bullet from the 
hot powder gases, Tire experience dur¬ 
ing this investigation was that most 
wads do little to protect the bullet and 
grease wads have \erv^ little lubricating 
effect. Wads generally appeared to have 
a slightly unfavorable effect on group¬ 
ing. 'There is little case neck below the 
seated bullet (sometimes none at all) 
to hold a wad. With a povv'dcr which is 
suitably slow-burning for the load, even¬ 
tual failure of the bullet occurs not 
from powder gas heat but from plastic 


0 2-graove rifling—To speed production, 
most M1903 A3 rifle barrels were rifled 
with only 2 grooves. The rifling form and 
dimensions are the same as in the usual 
Springfield 4-groove rifling described be¬ 
low, but one pair of grooves is omitted. 
The lands cover ^ of the bore. Barrels 
so rifled are not popularly esteemed, but 
in fact give very reliable results with Service ammunition. Cast 
bullets with short groove-diameter body, the rest of the bullet 
bore-size, are guided positively by the abnormally broad lands. 
arKl shoot excellently in these barrels. Ideal No. 311334 is 
such a bullet, and is best even for light loads 



4"gi‘Oove rifling—Ml 903 and MI rifle 
barrels have 4 broad grooves, and lands 
only 1/3 as wide as the grooves. The lands 
therefore occupy the circumference. 
They give this rifling a performance 
characteristic opposite to that of 2-groove 
rifling, with cast bullets. The lands are 
loo narrow to guide firmly anything riding on them, and the 
bullet must have a groove-size body of good length. Ideal 
bulfets Nos. 311467, 31 1284, and 311291 are among the best 
for 4-groove rifling, because of their long bodies 


5-groovc rifling—Of British origin, this 
is seen in M19I7 “Enfield” rifles and Brit-^ 
ish-made ,30-’06 sporting rifles, as well as 
in .303 Lee-Enfield rifles. Essential char¬ 
acteristic is not the number of grooves, 
but the equal width of lands and grooves. 
Lands therefore occupy half the bore. Cast 
bullets should be chosen as for use in 
barrels with 2-groove rifling 




6-groove rifiijig—Most sporting and target 
rifle barrels have been rifled with 6 
grooves, with usual .300"-.3 08" diameters. 
As in the 4-groove Springfield, lands cover 
only 14 the bore. These 6-groove barrels 
require the same cast-bullet forms as 4- 
groove barrels, and appear to handle cast 
bullets somewhat better 



8-groove rifling—Much shooting was done 
in one heavy target barrel so rifled, diam¬ 
eters .300"-.308", lands covering 14 the 
bore. It required bullets of same form as 
for 4- and 6-groove barrels. Performance 
was unusually good 


Multi-groove rifling-—Many lands and 
grooves serve to spread the engraving 
and torque stresses favorably over the 
bullet. The Martin Firearms Co. has 
V H adopted their Micro-Groove rifling for all 

U their rifled arms. Cast-bullet test firing was 
done in an experimental heavy barrel with 
Micro-Groove rifling, in this case having 16 
grooves, lands half as wide as the grooves, 
bore .3067", grooves .3082" diameter. 
Groove depth therefore was only of .001". Light and me¬ 
dium cast-bullet loads fired from this barrel, using bullets with 
long groove-size bodies, gave very fine accuracy. Heavy cast- 
bullet loads gave wild shooting, and it was obvious the bullets 
did not receive sufficient rotation. This is the only such case with 
.30 cal. cast bullets that I have ever experienced or reliablv 
heard of. A Watts 24-groove barrel gave excellent results with 
cast-bullet loads. Obviously any bullet used in shallow rifling 
must depend on a long groove-size body, since no corrert cast 
bullet has a forepart large enough to fill the bore diameter 
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311359, 115 grs. —There is some 
need for a very light, short-range 
bnller. This design, though mod¬ 
ern-looking, is quite old, 1 believe 
Its best performance is about T' 
at 50 yds., with very light charges. 
Recovered bullets show the rea¬ 
son, which is large yaw in The 
rifle bore. Nevertheless it can be 
reliable within its field, and it can 
be seated with all grease grooves 
inside the case neck so cartridges 
can be carried in the pocket. 



311465, 120 grs,—Lightest of the 
family of multi-banded JO bul¬ 
lets. Practically all body, mak¬ 
ing the most of its short length. 
Has same practical disadvantages 
as No, 311467 at right, and its 
best reliable grouping appears to 
be about minutes of angle* 
However, about 2100 f.p.s, ve¬ 
locity is readily attained, making 
a light, comparatively fast load. 
This bullet also can be fired with¬ 
out gas check with very light 
charges, making the lightest and 
least expensive of practicable 
loads. 



311413, !6S grs-—Has been more 
used than any other .30 cal, cast 
bullet. Gives minute-of-angle 
groups and smaller in the hands 
of skilled experimenters using 
carefully-adjusted light charges, 
I have never obtained good 
shooting with medium or heavy 
charges from this bullet in lead 
alloy and have never learned of 
anyone doing so. The long point, 
though desirable from the stand¬ 
point of exterior ballistics, is ob¬ 
tained by cutting away the sides 
of the forepart leaving it without 
support. The unavoidable result, 
with all charges but the lightest, 
is deformation and yaw of the 
bullet in the rifle bore (con¬ 
firmed from recovered but lets) 
and consequent poor grouping. 
Repeated failures with this wide¬ 
ly-used bullet have had an un¬ 
fortunate effect on popiilariiy of 
cast bullets in rifles generally. 
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311403, 170 grs,—Designed by 
no less a person than H, M. Pope 
for iight-load target shooting ia 
,30-'06. Tapered from bore size 
at leading band, to oversize base 
band which is intended to be only 
started by hand in unsized case 
mouth. However, the base band 
oversize is carried much too far. 
The mold tested cast the base 
band .317'^ w'hich even lightly 
started in case mouth made car¬ 
tridge too large to enter cham¬ 
ber, When loading was accom¬ 
plished by reaming case necks, it 
proved intpossible to completely 
prevent leading on top of rifle 
lands. If base band were not over 
J09", and last grease groove 
correspondingly deepened, the 
bullet could be expected to per¬ 
form well with appropriate light 
charges. 



311291 (originally 308291), 170 
grs,—One of the original 1905 
gas-check designs, and success¬ 
ful like all that group. For best 
results, its forepart must be full 
.300'' diameter and body should 
be not above JOS". With these 
dimensions, it groups excellently 
both with and without gas check, 
with correct charges. Has the ad¬ 
ditional practical advantages of 
being easy to cast and inspect, 
and of exposing no grease in the 
loaded round. The best medium- 
weight bullet when the above 
qualities are required. 



311467, 175 grs,—Essentially 

same as some of the very first 
Ideal JO cast bullets, with gas 
check added. Long groove-size 
body, with first 2 bands a little 
smaller. Has inconveniences of 
somewhat difficult casting and 
inspection, and exposure of 
grease in the loaded cartridge. 
But accurate and consistent per¬ 
former in medium and heavy 
loads in all narrow-land rifling, 
and because of narrow bands will 
adapt to broad-land rifling. I 
have not tried the shorter No. 
311466 (150 grs.) but others 
have reported good results with 
it and these would be expected. 



311407, ISO grs.—Like 311467 
but bJuni point, which improves 
stability at low velocities. Per¬ 
forms well at low and medium 
velocities, and in .308" diameter 
is excellent without gas check 
with suitably light charges, 

311334 (originally 308334), 190 
grs,—Designed for the Spring- 
field 1903 rifle soon after the 
latter was standardized in 1906 
form. However, with medium 
and heavy charges it is unreliable 
in, the M1903 and others wdth 
narrow rifling lands. Its long 
bore-size forepart is guided posi¬ 
tively by the broad lands of the 
2-groove Ml 903 A3 rifle, in 
which it shoots excellently and is 
the best bullet. 



311299, 210 grs,—Another of 
the original 1905 gas-check buL 
lets. Intended for the J03 British 
cartridge, it is usually cast with 
,314" body and .303" forepart. 
When body is sized to .310" 
(w'hich must be done in 2 steps 
except with strong sizing ma¬ 
chine) this bullet makes best 
practicable fit at point of great¬ 
est wear in a worn barrel. Very 
slight erosion of lands before 
chamber, determinable only with 
breech bore gauge or by record¬ 
ing number of jacketed bullets 
fired, is sufficient to admit this 
bullet. Sized as above, it is in (hat 
situation the best bullet and gives ' 
results comparable to those of 
No, 311284 in a new barrel. 



311284 (originally 308284), Hi j 

grs.—The first gas-check biJ od 

and still the best heavy bullet I tllCSC 
unworn narrow-land barrel Iiariri, 
Groove before first band « Ver)'1 
meant to be filled with liibric Qf 
^ well as act as dirt caid traordina;i 
With modern powders, i ,■ r ,| 
groove can be left dry andi tl 

bullet seated to expose no grcj nfi 

Long body, and foreparir 
moderate length; for best real Hurning ] 
these must be .308" and required' 
respectively. Groups cxceltfi^ pressure ^ 
with all medium and heavy ci 
bullet charges, and is the ^ 
available for heaviest loads, 
cept in worn barrels (see 
311299). Also groups excel., 
without gas check, with suit 
light charges, but for that use 
311391 is of more approp 
weight and requires Jess m 


deformation of the bullet under 
sure, for which no wad of practi 
thickness gives anv lielp. 

Worthwhile wad uses 
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There are, how^ever, two worth^vj IliVcl Ni 
uses for wads with cast bullets. Oneis^ materiall' 
the lightest loads, in nhicli the p(m 
charges occupy but a small part of i 
-50-'06 case. These small charges shcH, uvavy tj 
be at the primer end of the case| as hard 
firing. This is especially true with itibI Powders 
reduced loads of Ball-Powder, wlii fhoroiigl 
without this precaution are likelM pointed « 
show a long ignition time (see Fig,]j performal 
which also may be irregular. Whei^ \ycll km ' 
is not convenient to raise the rifle iTiJ canister 
zle before firing, the charge may be hi, E. H, 
back against the primer with a baU? cause o 
2 grs. wciglit of tissue paper tam|4 511465 
lightly down on it in loading. I heol 
use is with HiVcl 2 powder, to L 
prevent deposit of small lead dropn 
the rifle bore as already mentionedr 
ball of tissue paper of 5 grs 
loaded in the same way prov ed 
for this purpose. 

Ven^ light and verj' heavy loads 1% 
special requirements. | They a 

Very light loads can dispense ui| (1) ^ 

the gas check. Tlieir special requl low cost, 
ments are: ready-ma^ 

(1) The bullet should have nol within’VP' 
than 3 bands, and it must not be hti life. Dis 
than groove diameter of the rifle bar^limitatiss] 

(2) The powder charge must be 
Vi to 1 gr. below the lightest ones* hi 
the tabic of charges on next page. 

(3) The lubricant may have fob 
changed or ad]u.sted until the bo4 
left in good condition, the test bd| 
easy wiping with a dry patch. Coni 
to all correct gas-chcck loads, coi 
loads without gas cheek leave a 
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small flakes of lead in the fonling, but 
these remain unattached and do no 
bann. 

Ver)' heavy loads, exceeding the pow¬ 
er of any in the table below, require ex- 
traordinim^ means to present deforma¬ 
tion of the bullet by powder pressure, I 
found no satisfactory means. The basic 
effort was on charges of unusually slow- 
burning powders, intended to gi\e the 
tequired thrust without rising above tlic 
pressure which deforms the cast bn 11 el. 
These all were practical failures, partly^ 
because powders slow enough to be ef¬ 
fective left very' undesirable quantities 
of unconsumed grains, and most of all 
because their grouping was uncertain. 
The whole purpose of this investigation 
was the remoxal of uncertainty from 
.50 cal. cast’bullet performance. Sup¬ 
ported by all the facts which has e been 
given, the loads w'hich accomplish this 
arc outlined in the follosving table. 

The charges in the table arc not very 
flexible. Materially increasing them dc- 
strovs accuracy of shooting, tliough the 
ijeKperimenter may think at first he has 
aicceedecl Materially decreasing them 
results in poor burning (except with 
HiVel No. 2, which can be loaded in 
materiiilly lighter charges than those 
^hown). For the liglit loads any bullet 
alloy can be used. For the medium and 
heavy ones, the alloy must be at least 
as hard and strong as linotype metal. 

, Powders shown are the ones which were 
[itiioroughly tested. Others can be inter- 
iKJiated on the basis of their general 
f^rfomiance cliaracteristies which are 
w-ell known to handloaders. The non- 
omistCT powders are available from B. 
E. Hodgdon, Inc., Merriam, Kan. Be¬ 
cause of its light weight, bullet No. 
511465 gives velocities materially higher 
than the typical ones noted at the head 
of each column. 

factors determining success 

I hope this article has given some 
appreciation of the real factors deter¬ 
mining success with east bullets in the 
.50-^06 rifle. 

Tliey are now summarized as follows r 

(1) Advantages of cast bullets are 
low cost, independence from supplies of 
ready-made bullets, adjustable power 
within mde limits, and unlimited barrel 
life. Disadvantages are an inevitable 
limitation in velocity, and an accuracy 
Jiinitation which has been experienced 

^ bitherto. 

(2) Mere uniformity of components 
and loading procedures provides no rem¬ 
edy for inaccurate shooting, so long as 
the components and procedures remain 
wrong. 

(5) The decisively important factors 
m bullet hardness, bullet design (in¬ 


cluding bullet dimensions and relation 
to rifling form), and powder charge. 

(4) ITaditional bullet alloys are in¬ 
adequate for medium and heavy loads, 
for which at least linotype metal or 
equivalent is required. All alloys per¬ 
form well in light loads. 

(5) Choice of bullet lubricant is rare¬ 
ly decisive to success. The handloadcr 
can, however, gain some limited im¬ 
provement by experiment, starting with 
the reliable Ideal lubricant and using 
quality of bore fouling as tl^e test. 

(6) Bullet diameter is decisive. Any 
forward part of the bullet with the func¬ 
tion of riding on tops of the lands must 
be at least .>00'^ diameter. The body of 
a gas-check bullet should be not above 
.308". The body of a buHct fired with¬ 
out gas check must be not above .308". 

(7) Sizing does not remove most de¬ 
fects, and always tends to damage bul¬ 
lets. Best results arc obtained only when 
the bullet is cast to the approximately 
correct dimensions. The lubricating and 
sizing machine is a great convenience 
in greasing bullets, for whicli use the 
die should be as large as the cast bullet. 
When sizing is necessary because bul¬ 
lets arc oversize, it should be done in 
a die with a sloping shoulder designed 
to squeeze the bullet, not a die with 
square cutting shoulder since in the 
general case that fails to center the buh 
let and takes more off one side than the 
other. 

(8) Bore leading is absolutely fatal to 
accurate shooting. Severe leading is very 
hard to remove. The most practical 
method is to fire tw'o or three jacketed 
bullets, for safety first scrubbing most 
of the leading out with steel wool. It is 


useful to lead the bore once, since after 
that the user will be willing to adopt the 
necessary prevention. This consists in 
keeping charges of red need-load pow¬ 
ders very low. Medium- and slow-burn¬ 
ing powders will not lead in any charge. 

(9) Rifling type affects performance 
of cast bullets. For best results, broad- 
land rifling requires a short bullet body 
and long bore-riding forward part; nar¬ 
row-land rifling the opposite. 

(10) The fundamental requirement 
is to get the cast bullet out the muzzle 
undeformed. The deforming agent is 
powder gas pressure, and the only way 
to prevent deformation is to keep the 
pressure down. The levels to which 
powder charges must be restricted for 
that purpose, so far as repeatedly con¬ 
firmed experiment has led me to be¬ 
lieve, arc given in the table of loads. 

The matter of occuracy 

The accuracy obtainable from cast 
bullets, the object of this whole inves¬ 
tigation, must depend in the first place 
on tlie rifle and shooter. What it takes 
to make a precisely-shooting bolt-action 
rifle is reasonably well known. When 
cast bullets are to be fired, it is only 
necessaiy' also that the bore be well 
wire-brushed to take out the fouling 
from jacketed bullets, and that the bar¬ 
rel not be heated in firing. Only heavy- 
barreled target rifles of high quality can 
reliably deliver best shooting. 1 believe 
it is less appreciated that by no means 
eveiy^ user can shoot the ,50 cal. rifle 
well enough to establish the perform¬ 
ance of reallv good ammunition, even 
from a bench. The requirements of let- 
off without the almost undetectable 
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flinch that, I believe, affects most shoot¬ 
ers, and of holding the rifle so uniform¬ 
ly that it recoils at every shot almost 
exactly the same, are very severe. 

With these requirements fulfilled, 
the gentlemen who assisted in the in¬ 
vestigation demonstrated that with cor¬ 
rect 30-'06 cast-bullet loads, 5-shot 
groups of I Vi'' diameter at 100 yds. arc 
readily obtained. Some of them con¬ 
sider such groups a failure. They shoot 
half or more of their 5-shot groups un¬ 
der 1". Tliis is equal to the grouping of 
any 30-^06 jacketed bullets except pos¬ 
sibly the very best. There is little differ¬ 
ence among the loads of the table in 
accuracy obtainable, but the heavier 
loads are harder to shoot well. 


r think it is important to note that 
good results were in each instance ob¬ 
tained with correct loads immediately 
on trying them. This may appear re¬ 
markable, since the lead-alloy cast bul¬ 
let is much softer and more vulnerable 
than any jacketed bullet. The explana¬ 
tion, which I hope has become clear, is 
that the cast bullet must be fired in a 
load which does not deform it. Within 
that limitation, to which it will always 
be subject, it has even a certain advan¬ 
tage over the jacketed bullet which is 
valuable to the user. Making best jack¬ 
eted bullets is partly an art The only 
reliable indicator of their quality is their 
shooting. Cast bullets which pass a close 
visual examination and a check weigh¬ 


Upper Right 

If the sprue is cot before it is completely hardened, semi-molten 
metal may he smeared across the blocks and bottom of the 
sprue plate. That can cause out of square bases. Another defect, 
shown here, is fracturing of the sprue cut, tearing metal from the 
base. Pistol bullets with such defects may be acceptable, but 
match rifle or pistol loads should only have perfect bases. 


Right 


A perfectly sharp, square base with a clean cut-off is the 
objective of the careful bullet caster. The offset sprue here is 
intentional, as it is used to orient the bullet in the rifle chamber, 
after marking It with a felt tip pen. This can be used as an 
alternative to permanently marking the mould with a punch or 
file, and Is a help to moulds giving an off-center cut. 
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Above 

Holes In the bullet base indicate shrinkage voids caused by not 
pouring a large enough sprue, or not maintaining long enough 
contact with the pouring spout or dipper. Such bullets wilt have a 
tear drop shaped cavity near the base. Any buliets with obvious 
holes, regardless of size, should be rejected and remetted, since 
their accuracy can never be better than mediocre. 


ing can, how'ever, be relied on tot 
good. 

It remains to consider how the^^ 
he rent power limitation on .30-'06 a 
bullets should be regarded. The limit 
tion is comparative, not absolute, if 
side the attainments of modem 
nology, all shoulder rifle bullets r 
slow, short-ranged, and weak. A jix 
nient is appropriate only in lightS 
what the bullet must do. Much ofi 
shooting most enjoyable to many sb 
ers, in some cases most of it, is 
the power of cast bullets. Whether { 
shooter will wish to use them musti 
pend on the importance to him ofS^ 
advantages of cast bullets which 
been mentioned. 


by 
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Fig, 1: A simple hardness coinparison is 
given by pointed biiliets of same shape 
cast of the compositions it is desired to 
compare, and lightly compressed as shown. 
The nose crush-up is an indication of com¬ 
parative hardness, but not on a quantita¬ 
tive scale 


leasuring 


Fig, 2i Sample pieces can if desired be cast in shape offering large work surface. 
Mold is iron pipe cap with threads bored out on slight taper. Bottom must be faced 
very smooth, to leave suitably smooth work surface on cast piece 


Hardness 


'F' 


Cast Bullets 


By 


ALL lead-alloy bullets are much softer 
than jacketed bullets. Such 
f aess and strength as they do possess 
m often important to their perform-:, 
ance, '■■■•I 

Alloys of desired characteristics can 
itssured by using new metals in the 
:rt}uired proportlonSj or by buying ah 
kjys. The cost of even new metals for 
iM-gr. cast bullets h under per bul¬ 
let, at 1959 prices, which is less than 
one-fifth the cost of jacketed bullets, 

, Strap metal often 'unknown^ 

For the very minimum cost, how- 
f ever, most handloaders make their cast 
rWeis of scrap or salvaged metah 
The user of such metal ordinarily 
; mu accept the fact he has v^y little 
"itka of its composition and qualities. 

ps^cialiy for medium and heavy 
, ca 5 t 4 jullet ride loads, the hardness of 
^ can make a great deal of dif- 

.'^•fiereace. 

A lead-alloy hardness tester for the 
hmdloader was on the market for some 


years, but is no longer listed. It meas¬ 
ured hardness on its own scale, which 
was not related to the recognized scales 
of -hardness used m the metals industry* 

/si ingenious and simple method of 
hardness comparison, due to F. W* 
Whitlock, uses equipment that many 
handloaders already possess. A pointed 
bullet of the ahoy to be tested, and a 
like one east of pure lead, are placed 
base to base in a vise, and compressed 
until the nose of each is partly crushed 
(Fig. 1). Obviously the nose of the 
soft lead bullet will be crushed in more 
than that of the alloy bulletj and the 
difference is a measure of their relative 
hardness. It is, however, not related to 
any standard hardness scale, nor does 
twice as much compression, for ex* 
ample, mean a correspondmg hardness 
ratio. 

If blocks of bullet metal are pressed 
in the vise with a steel ball between 
them, however, the indents made by 
the ball provide a hardness measure 
which can be related to some standard 


Cpt. E. H. Harrison, USA {Ret'd} 

NR A T«hr^kel Sftiff 

hardness scales, with their advantage 
of universal appUcability. 

Since the ball exerted the same force 
in each dent, the unit force on each 
is inversely propoftional to its area. 
The diameters of the dents are readily 
measured. Their areas are to each other 
as the squares Of their diameters; hence 
the ratio of their areas is the ratio of 
the squares of their diameters, or of 
their diameters squared, which is the 
same thing* This ratio is a direct com¬ 
parison of the hardness of the 2 samples. 

This result can be expressed in terms 
of some of the standard hardness 
scales, such as the Brinell Neglecting 
certain siuail refinements, the Brinell 
hardness number (BHN) is the unit 
load the material will support (The 
units in which it is expressed are Im¬ 
material to our purpose, as we shall 
see.) It is an absolute and not a merely 
arbitrary scale; for example, a material 
of twice the hardne^ of another will 
have twice the BHN. To learn the hard¬ 
ness of a sample, then, we need only 


Fig. 3: Steel ball between metal samples 
leaves indent in each which is accurate 
measure of their relative hardness, and 
(when 1 sample is known) can be related 
to standard Brinell scale as described in text 


Fig* 4; In measuring, lay anvil and spindle 
directly on surface to avoid parallax. With 
care, measuring faces can be set accurately 
tangent to edges of dent and good meas¬ 
urement obtained. Use magnifying glass 


Fig, 5: Inexpensive pocket comparator is 
neat and convenient tool for same meas¬ 
urement, but does not give better results 
than micrometer caliper 







compare it with that of metal of known 
hardness. 

Convenient standard 

The most convenient standard metal 
for this purpose is pure lead. We re¬ 
quire commercial pig lead, which is new 
metal free of significant impurities. Re- 
mclted lead from plumbers’ shops, or 
other used lead, is certain to contain 
other metals and will not serve as a 
standard. 

The Brinell hardness number of com¬ 
mercial pig lead is approximately 5. 
The above ball test provides the ratio 
of a sample’s hardness to that of lead. 
Then wc get the hardness number of 
the sample by multiplying this ratio 
by 5. In working terms: 

fdiam, dent in lead 


Appr. BHN=5| 

diam. dent in sample 

For example, in a sample of linotype 
metal tested by this method the 
diameters of indents made by the steel 
ball in the lead and the linotype metal 
were .210" and .103'' respectively. The 
hardness of the linotype sample was 
then 5 (210/103)2=20.8 BHN. Re¬ 
peating the test gave diameters of .227" 
and .113", for a hardness of 
5 (227/113)2=20.2 BHN. 

This illustrates the reproducibility of 
this method, which is normally within 
I BHN and usually closer. U also tllus^ 
traies that the diameters of the indents 
always differ from one pressing to the 
next—it is the square of their ratio, in¬ 
dicating hardness, which is constant for 
a given sample. 

As a matter of interest it may be 
noted that the hardness of new linotype 
metal of usual composition is about 22 
BHN. The metal of the example was 
not quite up to this, which is quite often 
the case due to loss of tin and antimony 
during periods of melting. Sometimes 
even new' alloys are found quite short 
of the hardness they should have, mean¬ 
ing their composition is not as it is 
stated. 

For the determination w'e need a vise, 
a steel ball, a micrometer or vernier 
caliper to measure the indents, and sam- 


of any size; however, to get a con¬ 
veniently large indent a large ball may 
be used, Vi " diameter or more if it 
can be obtained. The 1-lb. pigs into 
which bandleaders usually cast their 
metal are a convenient size for test 
pieces. Do not chill after casting. 

The surfaces into which the ball is 
pressed must be very smooth. Bottoms 
of the pigs are too rough from the mold, 
and even a filed surface is not best. By 
pouring the metal into the mold at one 
end, from a very low height, the pig 
will he left w'ith a smooth surface on 
the other end large enough for several 
indents. A special mold for casting the 
samples can be made if desired (Fig. 2), 
but is not a necessity. 

To press, the sample in question and 
a corresponding test piece of pure lead 
are placed in the vise with the steel 
ball betw'een. The vise is closed slowly 
until the ball is pressed a little way 
into each (Fig. 3), not more than one- 
fourth its diameter into the lead. 

Indent readily measured 

The indent in lead alloy is beauti¬ 
fully round, with sharp edges. The in¬ 
dent in pure lead is slightly wavy at the 
edges because of the softness of the 
metal, but it still can be readily 
measured. 

Lay the anvil and spindle of the cal¬ 
iper directly on the surface, and meas¬ 
ure the diameter of each indent (Fig. 
4). After measuring, make a scratch 
or punch mark in each indent to pre¬ 
vent inadvertently using it again. 

The measurement also can be made 
with a 'pocket comparator/ available in 
simple models for less than $15 at 
current prices. The base contains a grad¬ 
uated transparent reticle which is set 
on the w'ork to be measured, and viewed 
with an adjustable magnifier in the top 
of the device (Fig. 5). This is very 
neat, but gives no more precise results 
than a micrometer caliper used as de¬ 
scribed. 

Following are the composition and 
hardness of practicable lead bullet al¬ 
loys. They will give the handloader an 
idea of the real hardness and strength 
of the alloy he has been using, or the 


pies of the metal. The steel ball can be one 

he may wish to 

aim for. 



COMPOSmON AND HARDNESS 

OF COMMON ALLOYS 





Percant 



Alloy 

r 

Tin 

Antimony 

Lead 

BHN 

Monoryp* 

9 

19 

72 

23 

Stftreotpye 

6 

14 

SO 

23 

Ltnotype 

4 

12 

34 

22 

Id col No. 2 

5 

5 

90 

1 5 

EI«ciroiyp« 

3 

2.5 

94.5 

3 2 

! -lo^l Q tin-laod 

9 

— 

91 

> L5 

1-la-20 tin-lead 

5 

— 

95 

TO 

1 -to-30 tin-lead 

3 

— 

97 

9 

1-.to-A0 tin-leod 

2.5 

— 

97.5 

8.5 

ieod only 
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• ZAMAK BULLETS 

Editor: Goshen, Mass,] 

As noted in The Rifleman in years 
zinc die-casting alloy makes excellent 
bullets, though lighter than lead and 
tremely hard. The following summarii 
some results obtained with Zamak #3. 
alloy of this type. 

In the .30-’06 rifle, bullets cast in LviiH 
molds 3114I3S, 311284, and 30829I wc 
used, as well as bullets from 2 sped 
molds, 311413ES (.309") and 31 
from which the grease grooves and gi 
check step were omitted. Here are sod 
typical 5-shol group sizes obtained at II 
yds. bench, rest with Zamak bullets, fin 
from an Ml903A3 Springfield with 2^^ 
Weaver scope, with lead and Jacketed h 
lets for comparison: 


Btdfei 
311413S 
3114135 
3114135 
311284 
311284 

3114I3S (lead) 


Load 

10 grs. Unique 
12 grs. Unique 
16 grs. 2400 
12 grs. Unique 
45 grs. 4895 
14 grs. 2400 



FA-M2-1955 ammimition 

A! 200 yds., the 3114135 bullet and 10|i 
Unique gave 3.5" groups, and the 31121 
with 12 grs. Unique gave 4.5". 

The 311413S and 3U413ES built 
made smallest groups. As indicated by ll 
letters after the number, these are fi 
.special molds casting their bullets lessov 
size than usual, while the 311284 bulli 
the usual ,003" above the groove diarui 
of the barrel. In addition to its effect 
accuracy, this oversize probably strei 
the rifle barrel considerably since tl 
Zamak bullets are both hard and solid, j 
When cast of thi.s hard alloy, the bai 
3114135 bullet grouped better than v^k ; 
greased or equipped with gas check. H ‘ 
bare 311284 bullet also performed wti 
It can be loaded to provide the same zii 
at 100 yds. as M2 Ball ammunition, ad 
with better accuracy. The recovered bull 
shows considerable gas cutting, but (he i 
is no metal fouling left in the rifle bm 
The bare 31 I413S in Zamak had abl 
the same penetration in wrought iron i 
M2 Ball. In boiler plate, the Zanii 
bullet fell slightly short of Service armo ' 
piercing, but in .such material as oak 
it out-traveled them alL 

In handguns, the 358156 bullet (94 
in Zamak) in .357 Magnum, and 4.^2 
(122 grs.) in the 1950 S^W revolver, b 
perform much belter than lead alloy il 
match loads. The hottest loads leave 
clean gun. For amusement 1 recovered tl 
same 452461 bullet 4 times in succes: 
from an oak log and got a 4" group wil 
it at 50 ft, which shows how hard thi 
Zamak bullets are. 

This hardness all the way through makf 
it very difficult to get the bullets to ex 
on game. I have had some success with 
special tip, especially with the long 31121 
bullet Casting such hunting bullets is ti: 
consuming, but the paper-puncher expetii 
far more ammunition than even the ti 
time hunter, and needs no such specii 
measures. 

John BELcsj 
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By Alton S,, Dinan, Jr. 




D uring the building of a machine 
rest to test pistols, the question 
of barrel accuracy arose. This called 
for a device to hold the pistol barrel, 
as band holding is too susceptible to 
human error. 

The device shown in Fig. 1 was de- 
siped and built to accuracy-test bar¬ 
rels, but evolved into an ammunition 
tester similar to the Mann barrel ap¬ 
paratus shown in Fig. 2. 

The Mann barrel is named for Dr. 
Franklin W. Mann, experimenter and 
designer of a machine rest which has 
been proven through decades of use. 
The very heavy Mann barrel, attached 
to a rifie action, is laid in a large V- 
hlock bolted to a solid base. The barrel 
recoils freely and can be returned to 
Ihe same position after each shot. 

The Mann barrel is satisfactory for 
^'Comparing one ammunition with an- 
other, but my barrel tester gives the 
same results using the actual barrel 
from the pistol. 

This device consists of a barrel- 
holding fixture to which is attached a 
rifle action. The barreled action is 
fastened to its own slide and base, 
making it a self-contained unit similar 
to the Mann design. The barrel is held 
in its fixture at the muzzle and breech 
as it is in the pistol. Barrel vibrations are 
thus nearly the same as in the pistol. 


The tester has a patented trigger, 
worked with a camera shutter-release 
so that trigger movement has no effect 
on shot-to-shot accuracy. 

The device is doweled and bolted 
to a heavy, fixed cast iron machine 
base weighing about 600 lbs. As the 
target frame is of steel set in concrete, 
the only poientiai inaccuracy is in the 
barrel and/or the ammunition. The 
human element is greatly minimized, 
this being necessary to prove beyond 
doubt which of the variables is at fault. 

The average shooter cannot tell good 
ammunition from poor, only good from 
very bad. When ammunition error is 
added to gun error and these added to 
the shooter's error, who can say whether 
one load shoots better than another? 
As can be seen from the target in Fig. 
3, it doesn't take a very small group to 
score 95. However, this group is the 
total of all errors, and with test equip¬ 
ment as described each of the variables 
becomes measurable and subject to 
correction. 

Uniform, balanced bullets needed 

All bullets used in these tests were 
visually inspected for obvious imper¬ 
fections, then weighed within Vz gr, to 
discover internal holes or bubbles. A 
bubble or hole in the center will have 
little effect on accuracy, but if off-cen¬ 


ter it will unbalance the bullet and 
cause a wide shot, or 'flier'. 

Bullet hardness is controlled by the 
ratio of tin and/or antimony to the 
lead. One of the most widely recom¬ 
mended alloys is IS parts lead, one part 
tin, and one part antimony, that is, 
18-1-1. Another is linotype metal which 
is an excellent and quite hard alloy— 
in fact, harder than necessary. The 
price of tin being high, as soft an alloy 
as will do the job is desirable. 

A very convenient alloy is furnished 
by lead reclaimed from the bullet trap. 
As long as a test sample bullet weighs 
about 2 grs. lighter than a pure lead 
bullet, it is hard enough to try. Bore 
leading is an indication of too soft an 
alloy, or an inadequate bullet lubricant. 

The inexpensive commercial lubri¬ 
cants are satisfactory and are recom¬ 
mended over homemade concoctions. 

Bullet sizing recommendations vary 
from bore diameter to as much as ,003" 
larger. I find .0005" to .001/' oversize 
about right. 

This IS a good place to discuss the 
"as-casT diameter of the bullet before 
sizing, and the sized diameter. It has 
been said before that the cast diam¬ 
eter should be close to sizing diameter, 
but it is of sufficient importance for 
repetition. 

The firing tests show this very de- 




Fig, h In barrel-holding fixture, barrel is held at muzzle 
and breech as in pistol. Device is doweled and bolted to 
heavy cast iron base. Patented remote control trigger is 
activated by cable release 


Fig, 2; Mann 6-point rest barrel device consists of very heavy barrel 
attached to rifle action. Unit rests in V-block bolted to solid base and 
is free to slide in V-block in recoiL It is returned by hand to original 
position before each shot 
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Fig, 3: Although group shown scores 95 
it represents total of all errors. Proper 
test equipment is necessary to measure and 
correct each of the variables causing dis¬ 
persion 


cidedly, as Tests 3, 4, 5, 6 and 14, 15, 
16, 17 are identical except for the 
as-casi diameters of the bullets. 

Group siz^ Group :?ize 

Oversize Old Mold Res^ttlar New Mold 


3 

2.76" 

14 

2.51 

4 

2.75" 

15 

2.21 

5 

3.63" 

16 

2.81 

6 

3.60" 

17 

2.11 


Bullets making the poorer groups were 
A545'* as cast, and the better ones were 
.453'^ Both were sized to ,4522'^ 

Reliable function is the prime requi¬ 
site for an automatic pistol handload 
as the most accurate load is worth 
little if it malfunctions. 

Feed failures 

The first criterion of a cartridge is 
that it feed from magazine to chamber. 
There is no excuse for a feed failure 
with good ammunition in a correctly 
accurized pistoL 

One common cause of feed failure 
due to the load is a bullet so soft that 
its nose sticks on barrel ramp before 
entering chamber. Another, and prob¬ 
ably the greatest cause of feeding 
trouble, stems from failure to crimp 
the case onto the bullet. 

It has been said that the .45 ACP 
case must not be crimped because the 
cartridge seats on the case mouth. This 
is true as far as it goes, but consider 
the other aspects of the situation. 

The sembwadcutter bullet, the only 
one considered here* should be seated 
out of the case about .015"—.025" and 
the case crimped into the bullet shoul¬ 
der. 

The loaded cartridge should be tried 
in the barrel it is to be fired in to be 
sure there is sufficient headspace. In¬ 
sufficient headspace is detrimental to 
accuracy. With this shoulder exposed 


the cartridge seats the bullet in the 
leed of the rifling which seems to be 
ideal. 

Furthermore, the situation in the 
automatic pistol is different from that 
in the revolver as the automatic pistol 
firing pin delivers a heavier blow and 
has much greater protrusion. 

The most important reason for 
crimping is to prevent the bullet being 
pushed into the case as the cartridge is 
fed into the chamber. The bullet strikes 
the loading ramp with a hard blow and 
this can push the bullet far enough into 
the case to change the powder space 
appreciably. This is equivalent to a 
variation in powder charge and also 
gives a variation in seating depth. Either 
can cause inaccuracy—-if the load suc¬ 
ceeds in feeding at all. 

Value of crimp 

Factory jacketed bullets are not 
crimped, but the cases are new and 
made to a press fit on the hard bullets. 
A lead bullet should not fit this tightly, 
as it could In effect resize those care¬ 
fully-made bullets down to any odd 
diameter. A crimp solves these prob¬ 
lems and its value has been well proven 
through much personal experience. See 
the table for the results of firing tests 
where the only variation was in the 
crimp. 

The crimp also removes the flare 
that was put on to facilitate seating the 
bullet. 

There are 2 basic types of crimp 
used. One, the roll crimp, is done with 
the standard bullet-seating die. The 
other is the taper crimp which necessi¬ 
tates another die and another operation 


r 



Fig, 4: In roll crimp, ,020" of the cJ 
mouth is rolled over and forced into w 
of bullet. Case diameter is reduced! 
.460" at mouth 


The taper crimp reduces the ca 
mouth to the same diameter, but has, 
swaging effect on the bullet for a mu 
greater distance. 

Tests fired at 50 yds. 

All tests were shot at 50 yds. asl 
shorter distance is of little value ^ 
showing the true worth of a load^^ 
pistoL The same is true for groups ij 
less than 10 shots. jh 

There are many possible loads f 
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on most loading tools. This extra effort 
is of rather doubtful worth as may be 
judged by the results. 

Roll crimp as used here means that 
about .020" of the case mouth is rolled 
over and forced into bullet. Mouth diam¬ 
eter is reduced to ,460". See Fig, 4. 

■ ■ ■ 


FIRING TEST OF MANOLOADS 





Powder 

Athr 




Average Cojnpojll 




Bullef 

Chorga 





Extreme 

30-SW 




Wefghf 

fGrr. 

Group 7 

Group 2 

Group 3 

Spread' 

Group 


No. 

Bull?! 

fGri.) 

Type Crimp antimany) flncheif 

flotTfiesJ 

(fnchet) 

7 inchei) 

f fnehet) 


] 

H&O 7S 

214 

Roll 3.6 

18-1 

2.45 

2.35 

3.10 

2.63 

3.B 

t' 

2 

He.G 78 

214 

Hone 4.0 

1 8-1 

2.9 

2.45 

3.35 

2.90 

3.4 

F 

3 

H&G 130 

1 81 

Hane 4.0 

18-1^1 

2.80 

2.65 

2.85 

2.76 

3.2 


4 

H&G 1 30 

181 

Taper fo .460'* 3.6 

18-1-1 

2.00 

2.80 

2.75 

2.75 

2,9 


5 

HAG 130 

1 81 

Hanef 3.6 

18-1-1 

3.70 

3.80 

3.40 

3.63 

4.3 


6 

HAG 130 

181 

Hall 3.6 

1 0-V1 

3.70 

2.30 

4.90 

3.60 

4.9 


7 

H&G 130 









f 

. 


Moldl 

186 

Light Roll 3.6 

18-1 

3.20 

2.60 

2.50 

2.76 

3J 


8 

hag 130 

1 86 

Roll 3.6 

18-1 

2.55 

1.80 

1.90 

2.08 

2.6 


9 

HAG 130 

176 

Ral! 3.6 

Type Motol 

1.75 

2.30 

2.20 

2.08 

2.5 


10 

HAG 130 

191 

Roll 3.6 

Pure Lead 

3.00 

2.90 

1.95 

2,60 

3.2 


11 

H&G 6888 

200 

Roll 3.6 

18-1 

1.50 

2.00 

3.00 

2.16 

3.0 


12 

Lyman 45266 

217 

Roll 3.6 

18-1 

2.00 

1.90 

2.30 

2.07 

2.3 


13 

Sup«r Moldi 

210 

Light Roll 


2.60 

2.00 

2.00 

2.20 

2.7 


1 4 

HAG 130 

1 81 

Noao 4.0 

18-1-1 

2.60 

3.00 

1.95 

2.51 

3.4 


15 

hag 130 

1 81 

Toper to ,460"^ 3.6 

18-1-1 

2.60 

2.35 

1.70 

2.21 

2.7 


16 

HAG 130 

1 81 

None 3.6 

18-1-1 

3.00 

2.10 

3.35 

2,81 

35 

17 

hag 130 

181 

Roll 3.6 

18-1-1 

2.45 

1,65 

2.25 

2.11 

2.45 ; 


Nolei All groups mflosuritd from center lo center of wEdesi shots c ■ I 

Charge of 4.6 grs. ffercules ftullsey* powder with 234-gr. furHacketed bullet will substantially dupiLCote Servis 
load. Seat bullet to give over-all cartridge length of 1.275** 


the Service pistol. Those listed are s^iii 
of the most popular for the revoli 
as well as the automatic. The aco 
panying table gives the results of mi 
hours of loading and testing, Itj 
hoped that this effort will help pisj 
shooters attain higher scores. 
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Bore Leading 


By E. H. HARRISON, nra staff 

1 EADING is a deposit of bullet lead in gun 
j bores in smears, or sometimes lumps. 
Il bas a bad effect on accuracy of shooting. 

Leading results from an incorrect rela- 
tionship of gun bore, bullet diameter, bul¬ 
let lubricant, and powder charge. When 
only handloaded ammunition is used, lead¬ 
ing can be prevented. When it results from 
firing factory ammunition, it can be re¬ 
moved rather easily except in a few cases. 
There is, of course, no leading from the 
firing of fully jacketed bullets. 

Rifled bores differ greatly in smoothness. 
Consequently some lead badly and others 
very little. Bores improve with shooting 
and become less subject to leading. In a 
bore polished by the firing of a few hun¬ 
dred rounds accompanied by several thor¬ 
ough cleanings, used with ammunition not 
of bad leading characteristics, and cleaned 
occasionally to forestall lead build-up, lead¬ 
ing will not become a problem. 

In ,22 rimfire arms 

The most common and widely used of 
all ammunition types is the lead-bullet .22 
rimfiFe. This has been noncorrosive since 
the early 19.10's, and it does not rust or 
roughen the bore. Because of this and also 
the comparatively good lubrication of the 
bullets, bore leading of rimfire rifles and 
handguns is seldom serious. It may be 
suspected when the arm begins to group 
poorly in comparison with its regular per- 
fonnance. Then the leading can be re¬ 
moved by pushing several tight-fitting 
deaning patches through the bore, fol¬ 
lowed if necessary by a new' brass-wire 
bore brush of this caliber. A desirable 
alternative method here is the use of one 
of the bore-cleaning pastes which have 
been brought out for removing powder and 
bullet-jacket fouling from the bores of .22 
center-fire rifles. 

In center-fire rifles, lead bullets are used 
principally in handloaded ammunition. 
Correctly loaded cast-bullet rifle ammuni¬ 
tion does not lead. Leading, when it does 
occur, is caused by loading a bullet which 
is loo large in diameter or which has been 
damaged by sizing (often both), and by 
loading too large a charge of fast-burning 
powder. Such lead is removable with a 
new brass-wire brush of the correct caliber, 
assisted if necessary by medium-fine steel 
W(x>l wound around the brush. Leading is 
then prevented by changing to a correct 
bullet and a slower-burning powder even if 
larger charges must be used. 

In center-fire rifles, the firing of one or 
-—at most—2 full-power rounds with jack- 
eied bullet (after scrubbing out part of 
Ihe lead if there is so much as to constitute 
an obstruction) removes lead completely. 
If firing with cast bullets is to be resumed, 
the bore then should be cleaned lightly 
with a brass bore brush to remove the 
bullel-jacket fouling, since this affects the 
accuracy of cast bullets. Unfortunately 
this simple method is not effective in ,357 
Magnum and ,44 Magnum revolvers, 


though jacketed-bnllet ammunition is avail¬ 
able for them. 

Even shotguns are occasionally subject 
to leading. When severe, it can badly affect 
the patterns shot. However, the usual 
leading from factory shells appears as 
light longitudinal streaks in the forcing 
cone ahead of the chamber and in the 
choke. These are easily removed with a 
shotgun brass bore brush, on which very 
fine steel wool can be wound without harm. 
Patented brass wire-wound or wire-mesh 
cleaners are also good (but not steel 
brushes, which are damaging). Shotgun 
leading tends to diminish as the bore is 
polished by much shooting. If it does not 
do so, change should be made to another 
make of ammunition. 

There is, however, one kind of shotgun 
bore leading which is serious. This re¬ 
sults from the use of ungreased filler wads 
in handloaded shells. It consists in a more 
or less even deposit of lead over the whole 
bore. This can be very difficult to remove. 
Being caused by incorrectly loaded am¬ 
munition, it is easily prevented by load¬ 
ing weli-greased felt or fiber filler wads. 
These leave a light but effective grease 
deposit in the bore, and also have the 
necessary sweeping action to keep the 
bore in good condition. 

Unlike other lead-bullet weapons, center- 
fire revolvers often develop leading to 
the point of a serious nuisance. 

This occurs especially with factory am¬ 
munition. Factory revolver bullets have 
only knurls to hold grease, and at times 
the amount of grease is insufficient. 

In the .44 Magnum, and especially the 
.357 Magnum, the result appears as lead¬ 
ing which begins at the muzzJe, the amount 
of grease not being enough to last that 
far, and progresses toward the breech as 
firing continues. If the bore of a new re¬ 
volver is not cleaned frequently, leading 
can become very severe, building up a 
heavy layer throughout the bore and 
even projecting from the muzzle. 

Leading of a different kind is produced 
by ,38 Special factory ammunition of both 
Service and match types. This begins at 
the rear of the barrel and slowly spreads 
forward. The cause (in addition to insuffi¬ 
cient lubrication) appears to be the use 
of fast-burning powders, which have a 

Heavy bore leading from prolonged firing 

of ,357 Magnum factory ammunition 



flame temperature high enough to melt 
off bits of the bullet surface and deposit 
them on the bore. 

Leading is less often a serious problem 
with handloaded ammunition. The J57 
Magnum and ,44 Magnum are handloaded 
with large charges of slow-burning pow¬ 
der which keep the rear end of the bore 
clear. The large grease grooves in cast 
bullets carry ample lubrication to the 
whole length of bore. Correct handloads 
in the ,38 Special leave less leading than 
factory ammunition. Leading is in part 
due to cast bullets damaged by sizing 
before loading, and to the fact that even 
after sizing they are usually too large. 
Where this practice is avoided, leading is 
slight in the ,38 Special. 

Heavy leading in a center-fire revolver 
is extremely difficult to remove. No bore 
cleaner very effective against leading has 
ever become available, either to dissolve 
lead or by sufficiently vigorous stirface ac¬ 
tion to loosen it from the steel. Mercury 
is a partial exception, since it can amalga¬ 
mate with the lead and thus soften it so it 
can readily be removed. Without mercury, 
leading can be removed only by mechani¬ 
cal means. When the leading is heavy, 
the means must be correspondingly severe. 

Leading is often not seen even though 
looked for, or it may be thought that a 
bore has been cleared of leading when it 
has not. Sometimes the gun owner is not 
familiar with the appearance of leading. 
Often his visual acuity is simply not suf¬ 
ficient to perceive it. Unless he has youth¬ 
ful, highly accommodative vision, he 
should use a small magnifier of about 5" 
focal length (2 power) lo scrutinize the 
bore surface. The test of adequate vision 
is ability to see bore tool marks. 

Polished in cleaning 

Still another reason for failure to per- 
cerve leading is that it is polished and 
burnished in attempted bore cleaning, giv¬ 
ing the appearance of a shiny bore. This 
usually results from use of brass bore 
brushes. Necessary as these are, they arc 
comparatively ineffective against heavy 
leading in revolver bores. 

In one manufacturing plant, leading is 
removed from revolvers being serviced by 
a Parker-Hale heavy bronze bore brush 
rotated by a ^4-horsepower geared elec¬ 
tric drill. The revolver cylinder and crane 
are removed, then the barrel is passed over 
the brush until the bore is clear. Inspection 
of a sample barrel so cleaned showed no 
Visible damage. The brush lasts for 5 to 
10 cleanings, depending on condition ot 
the barrels. In another plant, bores are 
treated with mercury before brushing, 
which makes lead removal easy. 

When mercury is not available, the user 
must remove leading with mechanical 
means available to him. For bad leading, 
this generally means a patented scrubber 
or else a brass bore brush wound with 
medium-fine steel wool. While the latter 
is certainly undesirable in principle, care¬ 
ful borescope examination of bores cleaned 
in this way showed little damage attrib¬ 
utable to the cleaning. Frequent cleaning 
keeps leading from ever becoming serious, 
and avoids need for severe procedures. ■ 
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BEGINNER’S DIGEST 


USING 

GANG 

MOLDS 


W HERE large quantities of cast bullets 
are needed, time is saved in their 
preparation through use of multi-cavity 
gang molds casting 4 or more bullets 
simultaneously. Gang molds of current 
manufacture can be had to cast 4, 6, 
8, or 10 bullets. They are not regularly 
furnished with attachments for making 
hollow-base or hollow-point bullets. 
Gang molds are constructed similarly 
to smaller molds, but their use is some¬ 
what different, primarily because of 
their greater size and weight. 

Machined from cast iron 

The mold blocks are generally ma¬ 
chined from fine-grained cast iron, but 
brass has been used. The 2 halves of the 
mold blocks are aligned by short dowel 
pins from one block to the other, and 
the blocks are hinged together so that 
the mold can be opened to release the 
bullets. The opposed faces of the mold 
blocks are lightly scored to vent air 
from the bullet cavities when the molten 
alloy is poured into them. Otherwise, the 
bullets might develop internal pockets 
or surface imperfections because of air 
trapped in the cavities. 

Tapered pouring holes are drilled in 
a cutoff plate over the center of each 
bullet cavity, and these holes are usually 
connected by a trough or gutter. A 
dipper with taper-nosed pouring snout 
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1 Typical gang molds. 

A 10-cavity mold 
(top) with two 4-ca%icy 
molds. The 4-cavity mold 
is preferable to those of 
larger capacity since it is 
less fatiguing to use 


matching the tapered pouring holes in 
the cutoff plate can be used to fill the 
individual cavities. The usual procedure, 
however, is to service a gang mold with 
an open ladle, or a bottom-pouring pot 
or furnace with lever-operated valve. 

The sprue, or stem of excess metal 
extending above the bullet base, is 
sheared when the cutoff plate is struck 
aside preparatory to opening the mold. 

A melting pot or furnace holding at 
least 15 lbs, of bullet metal is desirable 
for use with gang molds. Vessels of 
lesser capacity, unless more than one is 
used, are not as desirable since time will 
be lost in waiting between melts. 

Electrically heated furnaces with ther¬ 
mostatic controls arc markedly con¬ 
venient, The temperature of the bullet 
metal can be held within the optimum 
range for casting, yet the melting of 
ingots may be hastened by elevating 
the temperature temporarily above the 
optimum casting temperature. 

Use auxiliary pot 

Time can be saved by employing an 
auxiliary pot or furnace to melt bullet 
metal for use in a small, bottom-pouring 
furnace, or 2 furnaces can be used so 
one is always ready for casting. 

Regardless of the pot or furnace used, 
the heat source must be sufficient to 
melt the bullet metal until it flows 


over1i^ale4 


freely. Some bullet designs demand 


higher than normal casting temperatui 
to insure complete filling of the mi 
cavities. However, care must be tafc 
to avoid overheating the metal as thi 
W'ill burn out the constituents uncquaH; 
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Fluxine the bullet metal 

\ lemperato 

Pouring quality of the bullet sj 
enhanced by frequent fluxing and skii 
ming to remove the dross that colt 
on the surface of the metal. Fluxii 
should be done before skimming 
avoid removal of the tin or antimoi 
added to harden the alloy, 

A pcanut-stzed piece of beeswax 
fat is satisfactory for fluxing contei 
of a 20-lb, furnace. Oil-soaked sawd 
is also excellent. The alloy should 
stirred thoroughly during fluxing. 

Fluxing is best done outdoors, and jajgxhaust 1 
a matter of safety a suitable carryini jj^Quid 
sling or hook should be made for 
naccs or pots lacking this feature. clod 

clearance between the bail and surfafif 
of the metal is small, a carrying hoi 
will prevent injury to the hand. 

If fluxing must be done indoors, the] 
gases from the furnace are best ignit< 
with a match to reduce the smoking. 
Temperature of the bullet metal mu! 
always be higher than that of the mol 
if the bullets are to drop when tk\ 
blocks are opened, A mold that becomi 
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Opposed faces of mold blocks must be 
clean if blocks are to close fully. 
I B«fts thrown up afound dowel-pin holes 
Jlinows) should be removed with No. 3 
fnt file. Cutoff plate should swing free 
[ef its own weight. Note scoring lines on 
I bees of mold blocks. These are provided 
pTfiiit air from bullet cavities when 
Hiolten metal is poured into them 
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rerheated can be cooled by filling the 
ities and then plunging the mold 
mentarily into warm water. The 
Id will dry quickly of its own heat. 
I Cold water should never be used for 
|.oooling the mold as this is liable to 
j the blocks beyond repair. The need 
] k cooling the mold or lowering the 
iQperature of the alloy is indicated 
metal is wiped across the upper 
I kt of the bullet mold by the cutoff 
[e^ or when the bullets develop a 
fslalline appearance. 

[Safet)^ precautions 

Bullet casting should be done in a 
«dl-ventilated area and a small fan is 
klpful in exhausting fumes. Large- 
icate, day-to-day casting should be done 
order a hood equipped with an efficient 
ediaust fan. For safety, the operator 
ifiould wear gloves and effective eye 
tion. Wearing an apron will pro- 
I ted clothing. Under no circumstances 
fsliDuld water be introduced into the 
isoUcn metal as an explosion is certain 
to result Molds or ladles which have 
ken cooled by immersion in water 
skmld be dried thoroughly before re¬ 
luming to use. Bullet metal salvaged 
(bm range backstops should be in- 
^ted carefully before melting to in¬ 
sure that it is free from loaded 



3 For safety aud convenience, the melt¬ 
ing furnace is best fitted with a carry¬ 
ing sling when fluxing is to he done out¬ 
doors. To hold sling in place, plywood 
sling block has center hole for spout on 
bottom of pot. Eyebolts in ends of block 
are long enough so points of attachment 
of bail are above pot's center of gravity. 
This makes pot stable when carried 


cartridges or other explosive items. 

A quality gang mold is rugged and 
serviceable, but is easily damaged 
through abuse or neglect. Rusting is 
best prevented by storing the mold in a 
closed container with a rust preventive 
chemical. A piece of VPI (Vapor Phase 
Inhibitor) paper stored with the mold 
Will prevent corrosion. An application 
of VPI powder or spray to the mold 
blocks and handles will also prevent 
corrosion. Care should be taken to coat 
all surfaces of the mold blocks. The film 
of powder or spray is readily removed 
by pouring hot water over the mold 
blocks. After the blocks dry of their own 
heat, the mold is then ready for use. 

The application of oil or grease to 
molds as a rust preventive measure is 
unwise unless long-term storage is 
planned. Perfect bullets are impossible 
to obtain when a film of oil or grease is 
present in the bullet cavities. It is neces¬ 
sary to boil the mold in a strong deter¬ 
gent solution to remove these films. Do 
this immediately before use, so the 
freshly cleaned surfaces will not rust. 
Petroleum-base solvents are not suitable 
for this purpose. 

New molds should be degreased in 
this fashion to reduce the breaking-in 
time. By doing so the bullets will be less 
likely to stick in their cavities. 




4 A meltmg pot or furnace holding at 
least 15 lbs. of metal is desirable for 
use with larger gang molds to reduce time 
lost between melts. Electric furnace shown 
holds 20 lbs. of metal and is equipped 
with thermostatic control to hold temper¬ 
ature within optimum casting range or 
increase to hasten melting. Gasoline- 
heated plumber’s furnace is also suitable 


5 Gang molds are serviced conveni¬ 
ently from bottom-pouring furnaces 
when mold is supported on a pedestal 
fitted with guide rails as shown. Mold is 
either pushed away from or pulled totvard 
operator. End of pouring spout should be 
about above cutoff plate. 

Flow of metal is regulated" by adjust¬ 
ment of limit stop on valve handle. With 
practice, all cavities can be filled with 
continuous flow of metal. Valve handle 
can be fitted with foot-pedal release to 
free both hands for handling mold 
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6 Casting box shown was designed for 
convenient casting with heavy 10- 
cavity mold. Mold hinge pin is supported 
by a Split bracket attached to the side ot 
the box. The handles rest on an elevated 
bar, made high enough so that mold tilts 
forward slightly. Pouring is done from 
rear to front. Sheet of thin metal is placed 
under mold to catch excess bullet metal 
running over side of mold 


A Steel wire brush should not be used 
to remove bullet melul or rust from the 
mold blocks. Thin deposits of metal on 
the blocks or cutoff plate can be re¬ 
moved by bringing the mold up to cast¬ 
ing temperature and then wiping off the 
deposits with a coarse cloth. Stubborn 
deposits can be removed with a razor 
blade or keen knife, but care must be 
taken to avoid nicking the blocks* 

Remove rust 

Fine rust can be rubbed from the 
mold blocks with a coarse cloth or with 
the finest grade of steel wool. A rubber 
pencil eraser can be used to remove thin 
rust films and light carbon deposits from 
the bullet cavities. A mold that is se¬ 
verely rusted should be returned to the 
maker for possible repair. 

After a period of use, the mold blocks 
may not close completely due to the 
presence of burrs thrown up around the 
dowel-pin holes. These burrs should be 
removed with a No. 3 cut file, with care 
to avoid touching the edges of the bullet 
cavities with the file. 

The cutoff plate should never be tight^ 
ened so that it binds; it should be left 
free to swing of its own weight. Exces¬ 
sive tightening will interfere with vent¬ 
ing air from the bullet cavities and may 
also prevent the blocks from closing 
fully. In use, the mold blocks should be 
closed gently. Then rap the mold once 
lightly on one side. This will seat the 
dowels fully and will prevent finning of 
the bullets. 

Bullets should not be dropped from 
the mold into the furnace as the molten 
metal is likely to splash upward and 
stick to mating surfaces of the blocks. 
This will prevent complete closing of 
the mold blocks and the bullets will be 
finned and out-of-round. 


Bullet Mold 
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7 With pouring completed, cutoff plate 
is struck aside to shear sprues. The 
piece of sheet metal is removed and the 
mold is opened and its handles knocked 
against ends of elevated bar to eject bul¬ 
lets. Fall of bullets into collecting tray is 
broken by several layers of thin leather 
strips tacked across box beneath mold. 

Bullets can be dropped into tank of 
water, but must be dried before sizing and 
lubricating. Another technique with large 
gang molds is to cast over hole cut in top 
of work bench. Bullets fall through hole 
into collecting box beneath. Bullets are 
soft when ejected from mold and will be 
deformed if dropped on a hard surface 


Use soft mallet 

The mold blocks or cutoff plate 
should never be struck with a steel 
hammer or other hard object capable of 
damaging these parts. A mallet of raw- 
hide, plastic, lead, or wood should be 
provided for sealing the mold blocks 
and striking the cutoff plate. 

In respect to over-ali convenience, 
the 4-cavity mold is generally preferable 
to those of larger capacity. It is the 
lightest and therefore is less fatiguing 
to operate than heavier molds of greater 
capacity. Less effort is required to shear 
the sprues from 4 bullets than from a 
larger number, and there is no great 
difficulty in doing this when hard alloys 
are used. This can be a problem with 
larger gang molds where a heavy blow 
on the cutoff plate is required to shear 
or break off the sprues. This subjects the 
entire mold assembly to stresses for 
which it was not designed. ■ 


Much can be gained iroru a 
exainination of new or troublesome bulli 
molds and tune-up or overhaul of eachjj 
One mold ot mine had a tendcnc) 
drag when opening it. Sometimes ihisj 
caused by excessive protrusion of oned 
both pins, which is corrected by lappii 
them in or out slightly witfi a small dr 
and mallet by trial, but in my case the^ 
was not in alignment with the hole, aJ 
struck the edge as it went in. pulling ti 
blocks out of alignment and binding 
together. 

A minute amount of l ive valve grind 
compound or 280 grit is placed on the 
with a toothpick. The blocks are brou; 
together, permitting the two halves to 
rotated around the pin. Alter twistingt 
blocks together sev'eral times, sepait 
them and wash thoroughly with kerosei 
to remove the abrasive and prevent furl 
enlargement oi the bole. 

Lead often adheres to the topsiirfart 
mold blocks or bottom of the sprue p! 
usually from failing to let the sprue har 
long enough, and collects in tool marks 
gouges. 

Disassemble the mold blocks, removi 
the sprue cutler and stop pin, then res 
face removing tool marks from the top 
the mold blocks and bottom of the sp 
plate with 280 grit paper or a flat s' 
plate or piece of plate glass. 

If a mold fails to fill out or bulletssti 
in the cavity, it is probably due to bi 
left on the vent lines which clog the ve 
Examine the vents at the ^edges of 
cavity with a magnifier. Burred orcloi 
vents can be cleaned up with a single!! 
stroke of a jeweler's file. Now clean a 
degrease the mold and cold blue 
surfaces of the cavity. If you are set up 
bluing, it is belter to pickle the bli 
lightly and then dump them in the 
tank. 

Remove the set screw for the sprue pi 
pivot and drop a small piece of b 
clipped from a cartridge case neck into 
hole. Replace the set screw and adjust 
sprue plate until it will pivot of its O' 
weight when flipped smartly in the hai 
A tight screw^ cocks the plate, preventi 
from lying flat against the blocks, ca 
“fins” on the bullcL bases. Once jou 
determined the proper screw position 
the sprue plate, tile a, mark on the sc 
head, then remove the screw^ and fik| 
small Oat on its shank to engage th«# 
screw to prevent the plate from looset^ 
rhe above steps w ill make a rough m 
cast better and help good cues give m 
years of trouble-free service, — Gi 
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REFINEMENTS IN CAST BULLETS 



teNHfKfS for (his arlide oti t44. 


By E. H, HARRISON 


NRA Staff 


bullets give the ad vantages of 
ready manufacture by the shooter, 
bv cost, great variety, and unlimited 
barrel life. They have often involved 
\k disadvantages of poor accuracy 
[sulTered by some shooters, not all), 
atid a marked velocity limitation in 
high-velocity rifles. Even the velocity is 
less limited than is generally thought. 

The following summarizes, much 
condensed, the important points in 
casl-bullet loading in .T0-T)6 rides, li 
lesufied from approximately 800 sep¬ 
arate shooting trials totaling about 
l3,0tHJ rounds, fired in 18 rifles with 
bullets from 26 bullet molds, all di¬ 
rected to this purpose. The particu¬ 
lars and results of every load were 
typed on punched cards of a small 
l^la-sorting system for analysis. 

Important points in loading 

In conventional cast-bullet loading 
lliere are, among a mLiltitude of fac- 
lorSf only a few decisive ones. These 
are powder charge; bullet hardness, 
design, diameter, and sizing; bullet 
lubricant; and rifle quality. 

A prevalent error has always been 
loading too-heavy charges of the re¬ 
duced-load powders. Heavy charges of 
these powders may cause leading and 
arc still more likely to open the groups. 
There is never any leading from heavy 
loads of slow-burning powders. 

Bullets for light loads may be cast 
of scrap lead. About 2'/2% tin should 
be added to make it cast well, which 
with the small amount of antimony in 
most scrap makes it as hard as neces¬ 
sary. Bullets for heavy loads must he 
hard and strong. The best readily 
avaiiable alloy is linotype nietai, usual 
composition 4Vc tin, \2% antimony, 
and 84% lead, and hardness 20 to 22 
Brincll. Linotype metal is sufficient for 
all loads given in this article. 

Bullets with a long bore-diameter 
forward part are guided well in bores 
with broad rifling lands. This is not 
the case in bores with the more usual 
narrow lands, which cut unevenly into 
the bullet forepart and allow it to 
tilt, Narrow lands therefore require 
bullets w'iih long groove-diameter 
bodies for guidance. Cast bullets do 
not shoot well in bores with excessively 
fine, shallow rifling. 


Bullet diameter is even more im- 
ponant than shape. The front guiding 
section, if the bullet has one, should 
be of at least .300'^ diameter; .302" 
is better and \^ill go into most new 
barrels without ditlicuUy. The bullet 
body should be about groove diameter 
or not over ,309", Unfortunately 
these proportions arc reversed in many 
cal. .30 cast bullets, with the forward 
part too small to be of any benefit and 
the body so big it must be damaged 
to pass through the bore. 

It is not a matter of best diameters 
only, but also how they are obtained, 
A .313" or larger bullet sized to .311" 
may be better than if sized to .308", 
because it is damaged less. The same 
bullet cast not larger than .309'' wall 
group better than either. 

The better the sizing machine 
(makes differ), the more nearly its 
pushing element is aligned with the 
sizing die. But the machine can guide 
only the end of the bullet against 
which it pushes. The free end that 
enters the die is guided by only the 
die itself, and whether it starts through 
centrally depends on the lead-in part 
of the die. It is the die construction, 
as much as misalignment of the ma¬ 
chine. that accounts for bullets so often 
found sized heavily on one side. 

It is usually possible to choose, 
from the extensive information avail¬ 
able since 1958 in the excellent Ly¬ 
man 'Handbook of Cast Bullets'', a 


bullet of the design and as-cast diam- 
eler required.' 

The remaining impo riant compo¬ 
nent of conventional cast-bullet loads 
is ihc bullet lubricant, its usual func¬ 
tion is to prevent leading, the deposit 
of lead smears on I he bore. 

The long-used Lyman Ideal bullet 
lubricant is one of the best of ihe stick 
lubricants made for use in bullet sizing 
and lubricating tools. Perfect-Lube, 
though of quite different composition, 
is also good and should be iried espe¬ 
cially in heavy cast-bullet loads. 

In very extensive Ri fi e man tests, 
a few industrial and automotive greases 
have given better results than these, 
though they are less convcnieni. 

Lithium greases best^ 

Best of the greases were the pre¬ 
mium lithium types now in increasing 
automotive and industrial use, and 
called all-purpose or multipurpose 
greases because they can replace a 
number of special-purpose types for¬ 
merly necessary. Greases of this kind 
are readily available in automobile filL 
ing stations and arc usually identifiable 
by their labeling. Cost is very^ small in 
the quantity required. They cannot con¬ 
veniently be applied in conventional 
sizer-lubricators and they leave short- 
nosed bullets inconvenient to handle 
because the grease is soft. 

Graphite, molybdenum disulphide, 
and other solids mixed in the bullet 



All siting of bullets is damaging, but degree of damage varies with amount of 
.sizing and with die design. In design (a) that has been most common, sizing 
shoulder Gee arrow) is square step with no ability^ to center bullet, which 
therefore is often sized off-center. In design tb), shoulder has 7° taper chat cen¬ 
ters bullet base in sizing. Design (c), in which bullet is pushed straight through 
die, has long slope which performs same function 
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lubricants were included in Rifleman 
trials. The improvement in lubrication 
was unmistakable, from ease in wiping 
the bore after firing and lessening of 
bore leading in a few loads which gave 
that trouble. However, in nearly all 
cases it enlarged groups and shifted the 
impact centers of successive groups. 
Repeated attempts to correct this all 
failed. The lubrication improvement ob¬ 
tainable with these solid lubricants might 
fully warrant their use in some appli¬ 
cations. For cast bullets in .30- 06 rifles 
they are not recommended because of 
the impairment to shooting accuracy. 

Classification of loads 

Following seems to be the most 
natural and useful classification: 

1. Most accurate-shooting loads. 

2. Cheapest loads. 

3. Heaviest loads. 

The most accurate .30-’06 cast-bullet 
load is made up of a gas-check bullet 
of medium weight, cast to correct di¬ 
ameter £ind not sizedj lubricated with 
soft lithium grease, and with a light 
powder charge carefully adjusted. 

The only best bullets for this kind 
of load are Ideal U31 1291 (.297"^ 

.309") and U311413ES (.303"-.309"), 
not ca.^ larger and not sized* {Figures 
after bullet number in these descriptions 
are diameters at one or two places on 
the bullet as will be obvious.) Hard¬ 
ness should be at least 10 Brinell, the 
hardness of a 1 to 20 alloy of tin and 
lead. The precise hardness above that 
is apparently of little importance.^ Gas 
checks should fit bullet bases snugly 
but not require much force to seat. 
It is ordinarily not necessary to grease 
the groove before the forward band 


Light- and medium-weight eal. 30 Lyman 
Ideal gas-check bullets (L to r.); (a) 

U311359 (312"), 115 grs., fills need for 
very light bullet but requires sizing, and 
accuracy' is limited to about 1 at 50 yds. 
(b) 511465 (3155"), 120 grs„ also un¬ 
fortunately oversize, but long bearing per¬ 
mits high velocities (see text), should be 
sized to .313" so loaded round can be 
chambered, (c) U311466 {.303 -311 ), 
150 grs., very good for both light and 
heavy charges, (d) U311291 (.297"-309"), 
170 grs., best all-round bullet for loads of 
all kinds, (e) U31H13ES (.503"^309"), 
165 grs., one of best bullets with light 
charges, fails with heavy charges, (f) 
U311467 (.304"-3H"), 175 grs., good in 
medium and heavy loads 
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on bullet U3114I3ES, or to seat either 
bullet with any grease grooves out of 
the case neck. However, if desired the 
bullet may be seated farther out so its 
forward band is pressed agasnst the 
origin of the rifling, which occasionally 
improves the groups. This will require 
a readjustment of the powder charge. 

Only after all the other components 
are ready should the powder charge 
be considered. Approximately 13 grs. 
4759, 14 grs. 2400, 15 grs. 4227, or 
20 grs. 4198 are correct basic charges 
for most .30-^06 rifles. Charges are 
brought to the precise best weight by 
shooting trial. Rifles with unusually 
smooth bores may require one to 2 grs. 
more. Rough bores or bullets seated 
forward in case necks to touch rifling 
require slightly less. Half-grain changes 
during adjustment are small enough. 

Small charges like these must, for 
accurate shooting, lie always in the 
same position in the case on firing* 
This can be accomplished by raising 
the rifle muzzle before each shot. 
Where this is inconvenient the ob¬ 
vious remedy is a light wad to hold 
the powder in place, which in a bonle- 
neck case means a ball of some light 
material. The material found most 
suitable was kapok fiber. This can be 
obtained from furniture makers and 
upholsterers at little or no cost. A tuft 
is taken which, after being lightly 
rolled up and released, makes a bail 
of about diameter, and weighs 

about .15 gr*^ This is tamped lightly 
onto the powder. It will require a slight 
increase in the powder charge to con¬ 
sume the residue. Usually a charge can 
be found which shoots nearly as ac¬ 
curately as without the kapok. Loaded 



rounds should be handled with care i 
to displace this light material. 

The accuracy of shooting obt 
able depends in the first place on wh 
the rifle and the shooter can do. Cai 
bullet performance outlined in 
article is based on a rifle and shooi( 
able to deliver one-minute, 5-shot groi| 
at least half the time, firing Frankfd 
Arsenal National or Internatio 
Match ammunition or its equal, 
rifle bore should be cleaned thoroug 
before firing cast bullets, and evenl 
tween different cast-bullet loads. 

Good groups obtained 

With that basic capability of ril| 
and shooter, it has been the experiei 
of myself and certain gentlemen 
ing me their results that these best ca| 
bullet loads, made up and refined! 
strict accord with the above direclw 
can deliver a third or a half of 
5-shot groups within one inch diamd 
at 100 yds. The grouping differs fit 
that obtainable with jacketed-bd 
match ammunition only in being ^ 
regular from group to group, and^ 
being more sensitive to wind. 

There is much pleasure in she 
.30-'06 ammunition which can 
one-minute groups. The comparatii^ 
low recoil, report, and cost of 
above loads facilitate shooting and( 
joyment. They reproduce the standi 
.32-40 low'-power load which k 
gave good service in both game shoi 
ing and finest 200-yd. target shooli]' 



Heavy gas-check bullets (1. to r.): (a) 
U311334 {.298"-.310"), 190 grs., the cor¬ 
rect heavy bullet for barrels tified with 
broad lands, (b) U311284 (.300"-.509"), 
205 grs„ splendid heavy bullet for conven¬ 
tionally rifled barrels, (c) 511290 {300"- 
.309"), 205 grs., interchangeable with 
U311284. (d) 311299 (.304"-.5l4"), 210 
grs., for .303 British, but with its full 
forepart is excellent for slightly worn 
.30-06 barrels if sized .313" to permit 
chambering cartridge 


Bullets for light loads without gas < 
(1. to r.): (a) U511241 {.299^3: 
150 grs., can be loaded to finest am 
but sharp-edged base makes it pfOM 
lead bore, (b) U31I466 (.503"'.r 
150 grs-, very good, though exposed | 
grooves make handling inconvement^ 
U311291 (*297"-309"), 170 grs., besili 
let for this use. (In loading 31H^*| 
311291 without gas check, k is benei 
to leave sides of gas-check shank con 
with grease.) (d) 311274 {.303”'3lS 
195 grs., perhaps best of heavy plainf 
bullets used before introduction 
checks; unfortunately no fully sua 
way of loading these has been fo 
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The second class of cast-bullet loads 
[d rifles, the cheapest loads, are essenti¬ 
ally like the first class just described 
but without the gas check* 

Following is approximate compo¬ 
nents cost per 100 rounds of all 3 types 
of JO-06 cast-bullet loads in compari¬ 
son with jacketed-bullet handloads and 
with factory aeimunition: 



Mot} 
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fnc‘ 
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S4,22 

S8.01 

$22*75 

$1.56 


It is seen that J0-’06 cartridges of ap¬ 
proximately ,32-40 power can be re¬ 
loaded at a materials cost very little 
greater than the price of standard-ve¬ 
locity, standard-grade (not match) *22 
long rifle ammunition* 

Best weights of cal. *30 cast bullets 
without gas check are between 150 and 
170 grs*, not more. Lighter bullets may 
be fired with fair accuracy, for ex¬ 
ample No. U3118 (310") of only 
115 grs. which has long been liked for 
very light loads, and No. U311465 
{approximately 313”, without gas 
check) which however has the disadvan¬ 
tage of requiring sizing. Among bullets 
nearer the best weight, No. 311234 
{Mr) and No. 311466 (3ir with¬ 
out its gas check), group reasonably 
frell, but these bullets are inconvenient 
to handle after lubricating with the 
necessary soft grease. 

The best bullet for this class of load 
hNo. U311291 (.297"-.309") with¬ 
out its gas check. It would be still bet- 



loads of suitable accuracy can be refined 
orienting bullet always the same when 
loading in rifle* Position of btillec in mold 
is often shown by off-center sprue (1,), 
which can be indicated by making a mark 
on bullet ogive, or the mold can be made 
to leave such a mark by filing a little 
notch (r.) on one edge of mold block 
(see arrows) 


ter if its forward part could be in¬ 
creased in diameter from ,297” to 
302", retaining its .309" body. 

Reasonably good is No. U311241 
(.311"), Molds for such plain-base 
bullets should be manufactured with 
a very slight flange at base of cavity 
to avoid undesirable sharpness of the 
base edge, which was formerly done. 

Care in adjusting loads 

Powder charges are a little lighter 
than in loads of the first class and they 
must be adjusted with great care. A 
kapok wad, though convenient, is diffi¬ 
cult to compensate for. Bullets cannot 
be more than a very little above groove 
diameter, otherwise bore leading near 
the chamber cannot be prevented, and 
the bullet must be cast to this di¬ 
ameter, not sized to it* Correctly ad¬ 
justed, loads of this class can be made 
to group very nearly as well as those 
of the first class. 

The first plain-base bullets for smoke¬ 
less-powder cartridges were long and 
heavy. Their poor performance led to 
the loading of dry Cream of Wheat 
cereal as a filler to protect the bullet 
from the hoi powder gases* With it 
some fairly good shooting was ob¬ 
tained even to 600 yds. This filler had 
the characteristic of raising the powder 
pressure undesirably, an effect exag¬ 
gerated in later vague reports. I found 
that Ideal No. 308278 and especially 
308274 occasionally made remarkably 
small groups. It was, however, impos¬ 
sible with any powder to get good 
shooting consistently, or even with the 



Barnes copper driving bands are intended 
to strengthen bullets for use in the heaviest 
cast-bullet loads. For Bames-Henninger 
bullets, a 2-barid design in 120-, 150-, or 
180-gr* weight cast in molds sold under 
Barnes name. After mold is warmed up, 
bands are laid in mold before casting 
each bullet* Resulting banded bullets are 
practical with charges approaching full 
charges for jacketed bullets. Bands add 
68^ to cost of 100 reloads. They can be 
used with fair satisfaction on any cal* 
.30 bullet with broad bands, such as 
311334 and 311284 shown here 


lightest charges to prevent the deposit 
of a kind of burnt leading in the bore. 
Filling the space between powder and 
bullet with Cream of Wheat relieved 
the leading, but ruined the groups, 
possibly a consequence of the heaviness 
of this material. 

Search for a better filler brought 
considerable success with rather heavily 
oiled sawdust, filling the space over 
the powder and compressed slightly 
with the bullet to prevent shifting. 
Charges of 26 grs. IMR 4895 powder 
gave good groups and left an unfouled 
bore. Results were also excellent with 
gas-check bullets and heavy charges. 
This success was, however, nullified 
by occasional light but distinct 
scratches in the rifle bore ahead of the 
chamber. This happened even with 
fresh white pine sawdust made under 
clean conditions in The Rifleman 
shops. The oiled sawdust therefore had 
to he abandoned and with it any suc¬ 
cessful use of long plain-base bullets. 

More powerful loads 

For the third class of cast-bullet 
loads, those as powerful as possible, it 
is useless simply to increase the charge 
as that gives wild shooting. As in all 
cast-bullet loads it is necessary to 
select powders as slow as can be 
burned satisfactorily. Also, quite unlike 
the first 2 load classes, bullets must be 
cast of linotype alloy or equal with 
Brinell hardness at least 20. 

Following conventional loads have 
proved reliable* 

Best is 45 grs. IMR 4831 powder 
and bullet U311467 (.304"-*311") of 
linotype alloy, lubricated with soft 
lithium grease as already described, 
seated in the case neck to depth that 
causes it to be pressed against the 
origin of rifling. Velocity is about 2080 
f.p.s, and at least half the 5-shot 
groups should be within W 2 minutes if 
fired by a rifle and shooter as specified. 

The other conventional heavy load 
worth mention is 40 to 45 grs. IMR 
4831 and bullet U311284 or 311290 
(both .300"-.309”) of linotype alloy, 
lithium grease, seated in case neck 
over the grease grooves. Charge must 
begin at the lower figure and be in¬ 
creased with repeated testing so long 
as grouping remains reliable. Velocity 

Bands can be improvised in the small 
quantities needed for trial by cutting them 
from 5 / 16 " copper tubing 






is 1950 to 2075 f.p.s., depending on 
the charge that can be used success¬ 
fully. Grouping depends on barrel qual¬ 
ity and the care with which the charge is 
established, but 5-shot groups of 
minutes should be practicable. Bullet 
311299 {.304''-.3!4'’) can be used with 
advantage if its body is sized to .313", or 
to .310" in a strong tool with correctly 
shaped sizing die such as the Saeco 
Lubrisizer. Bullet 0311466 permits in¬ 
creasing the charge to at least 50 grs. 

Both these loads shoot at their best 
when the powder is tilted to rear of 
the case before discharge. This is made 
unnecessary by tamping lightly onto 
the powder a ball of kapok which 
weighs about .35 gr. The kapok also 
will improve the grouping of the second 
load above, and in both loads permits 
increasing the charge by 2 to 3 grs. 

[Vfany trials with heavy casl-bulkt 
loads were performed with the uncon¬ 
ventional use of a Vi ball of kapok 
fiber weighing about .35 gr. tamped 
lightly onto the powder, and on that 
W^ to Vh grs. weight of polytetra- 
duoroethylene of fine particle size 
tamped only enough to permit start¬ 
ing the bullet, and the w'hole slightly 
compressed by the bullet w'hich pre¬ 
vents shifting. This chemical synthetic 
is remarkable for low coefficient of 
friction, an extraordinary chemical 
inertness, and a practically complete 
refusal to stick to anything. Its best- 
known form is ^Teflon”, the registered 



Fillers for heavy loads described in text 
were replaced with fair results by 2Vi to 
5 grs. of lithium grease separated from 
powder by kapok wad. Measured shots of 
grease are regulated by stop clamped to 
handle of grease gun. In use, clamp gun 
nO'izfe-down or attach right-angle fitting 


trademark of E. 1. du Pont de Nemours 
& Co. for its fluorocarbon resins includ¬ 
ing TFE (tetrafluorine) and FEP {flu- 
orinated ethylene propylene) resins. The 
form regularly used in these tests was 
Teflon 7, a very light flour of extremely 
small particle size. 

This filler of powdered Teflon gave 
some very good results, but not with 
sufficient reliability in the long run. 
Disks and wads in this and other mate¬ 
rials were quite poor. 

However, a filler of 2V2 to 5 grs* of 
lithium grease separated from the pow¬ 
der by a ^ 2 " kapok fiber ball proved 
successful. The grease is readily meas¬ 
ured out into the case mouth (see illus¬ 
tration), the only special care necessary 
being not to force grease past the kapok 
when seating the bullet. This grease 
filler can be resorted to if the rifle barrel 
does not otherwise give satisfactory 
groups with these comparatively heavy 
cast-bullet loads,^ 

Unlike the first 2 types of cast-bul¬ 
let loads described, the most difficult 
problem with these heavy loads was in 
defining the degree of accuracy to be 
expected. When after much experi¬ 
mentation the above loads had been 
worked out, I found 5-shot groups 
could be held between IV 2 and 3 min¬ 
utes of angle. This %vas difficult to re¬ 
produce by firings elsewhere, apparent¬ 
ly due primarily to differences in bar¬ 
rel performance, but groups improved 
with refinements in loading. This check¬ 
ing was very greatly assisted by B. E. 
Hodgdon, Shawnee Mission, Kans., by 
trial of many loads in different rifles and 
by chronographing a selection of them. 

It is important in cast-bullet loading 
to note that apparently plausible com¬ 
ponent changes often do not result as 
expected. It is best to load to the above 
values, even reducing the powder charges 
slightly if necessary for good grouping, 
before trying variations. 

The loading of cast bullets in rifles 
calls for a slightly different viewpoint 
than the loading of jacketed bullets. 
Jacketed bullets are so hard and strong 
that results from their mere assembly 
with a suitable powder charge are 
rather closely predictable. Cast bullets 
require close alienlion to certain im¬ 
portant points 1 have briefly given. 
These are fully mastered only after 
some experience. 1 believe the hand- 
loader’s first casl-bullet loads will be 
most pleasing if he begins with the 
light, most-accurate loads, first of the 
3 types described above, even though 
this type may not be his ultimate in¬ 
terest. The handioader is likely to get 
best results with cast bullets who is 
interested in them for themselves and 
therefore puts the necessary time into 
understanding them. ■ 


Cleaning Bullet Mold 


When / bci^^an buffet easting, the ^ 
proiftfced n’tvc heettitifulfy sinoaih i 
bright. Now it seems impossibte ro 
them without o (lulled und 
rough surfuce. is there any 
sides repkicing ihe mold? —-J,S.S. 

Answeri The usual cause of the m 
ance you describe is dirty bullet 
That is corrected by thorough M 
Drop a small lump of wax or fat inteb 
pot and stir until it is consumed. '" 
reduces the oxides which constitute 
slag, restoring them to the mass as 
metal. Lighting the surface gases 
a match partly disposes of the 
Fluxing should be repealed as ofte 
needed to keep the molten metal via 
clean and clear. i 

If the trouble persists it is then m] 
mold. When not damaged by rough I" 
dling, in which case the injury is cv^ 
bullet molds can last a lifetime. How* 
the mold is hkcly lo acquire in tm 
ihin deposit on the cavity surfaces^ 
affects appearance of the bullets, 
most likely from casting dirty, over _ 
metal, and from preserving the mold* 
oil or grease which irtevhably leaves J 
residue" that is incompletely burned c^' 
the next use. 11 

Any deposits are readily remove^j 
rot aline in the cavity a bullet cast irif 
mold, "and coated with a suitably 
abrasive, ll has sometimes been m 
mended diat the bullet be made u}] 
this opcialioii by casting it on a 
This appears as though it would 
difficult to accomplish, particularly 
gard to centering the nail in the bj 
The bullet can however be held + 
thread lap. Cast the bullet of a hard^ 
Holding it in a lathe chuck, drill m 
tap from the lailstock. Insert the w 
the same set-up. Select a tap with c® 
thread, and a drill only slightly smif 
than the tap—an K-32 tap in a NaL 
drilled hole is practical. Coat the 
with bore-cleaning paste or brass | 
Remove the mold handles, and holdi^ 
mold blocks on the bullet with the N 
rotate the bullet with a hand drill. AJ 
turns of Ihe bullet will clean the . 
cavity. Iji 

Before using the mold, wash the 
ing compound from the cavity willi' 
gent solution and a soft brush, andj 
in hot water. Do this only when ma 
use the mold, as the w'ashed mold I 
be very difficult to keep from rustin^l 
wise. .As soon as bullets have her 
in it again, the mold is no longer esp 
liable to rusting and is best prefer 
with VPl paper or powder. 

The above method requires a 
satisfactory alignment of the tap, 3j| 
it is not available to all haiid!o3.i3 
method that is available is lo 
cavity with a suitable bore bru^^ 
have been well-justified warnings^ 
ever using a wire brush on a bullc 
meaning a power-driven steel bn 
would indeed ruin the mold imme 
A correctly used brass bore br 
clean the mold cavity without dan 
A new brass brush of bullet siwisl 
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able. Wash the brush in soap or detergent 
and water, rinse in hot water, and dry. 
Holding the mold blocks very lightly on 
Lhe brush with the fingers, turn the brush 
slowly in the cavity with a hand drill. If 
\k brush shank is gripped tightly in the 
Llrill chuck, it can be turned both ways 
which improves the cleaning. Turning can 
k tiore by hand if no drill is available. 
A few turns clean the cavity excellently, 
withoii i da m age,— E . H. H, 


BLUED BULLET MOLDS 

i have read that the cavity of a ballet 
mid must be blued before the mold %viH 
pirjorm at its best. Also, / have seen 
ifw molds with cavities ariificiaily blned^ 
ftidendy to assist in breaking-in. How 
nr/t this be done to an old mold to im- 
fwve it? —T.R.L. 

Auswen It is true that bluing the mold 
tends to improve its performance. This 
tisylly is done simply by casting bullets 
in it for a considerable time. Immediate 
cbemica! bluing can be done by putting 
1 small quantity of potassium nitrate in 
the cavity, holding the mold tightly closed, 
and heating it in a clear gas flame until 
the nitrate is thoroughly melted. 

Bffwever, the blued condition is not 
the most important one. Some molds 
usd by the NR A Technical Staff have 
aJmost no visible bluing in the mold 
cavities but cast excellently. The impor- 
laoi thing is to clean the mold of every 
IJIK of oil and grease. That is not easy* 

Ftlroleum oils and greases have the 
worst effect. Most oils, greases, and sol- 
nm are petroleum based. Even lighter 
Said, which is extremely volatile and 
appcarji to evaporate completely, leaves 
iIk mold contaminated in some way 
tthich delays for a long time the trouble- 
ireccasting of bullets. 

The best method which has been found 
E to boil the mold blocks for several 
mouces in a solution of strong household 
detergent. Lift out of the boiling deter- 
p(, rinse in very hot clean water, shake, 
and immediately wipe off any drops of 
water with a clean cloth, otherwise the 
iMlal will start to rust at those spots. 


The mold so treated will almost immedi¬ 
ately begin to cast full and sharp bullets. 

The above procedure of mold treatment 
is well worth the trouble. To avoid having 
to go through it each time the mold is 
used, however, never put oil, grease, or 
solvent on the mold. 

If the mold must be oiled to preserve it, 
Hoppe's No, 9 Powder Solvent has some 
preservative qualities and is less inhibiting 
to the casting action. Then, before using 
the mold, clean the cavity thoroughly with 
clean cloth on a soft, pointed stick. It pays 
to spend several minutes doing this* Also, 
this is useful before the detergent cleaning, 
if the mold has had some use and shows 
any signs of deposits in groove corners* 

It is best to leave the mold blocks 
completely dry, and preserve them by 
wrapping in VPI paper or by spraying 
VPl powder into the cavities. The VPI 
powder is readily removed with hot water 
before the next use (dry water from 
cavities before pouring lead into them) 
and the time is not wasted since this also 
warms the moJd.^E.H.H. 


Gas Check Fit 

Examining the makes of gas check on 
the market, I find that they differ some¬ 
what, and some feature a construction 
which locks onto the bullet base. Are these 
dtffe rences importan t ?—L * B. R * 

Answer: Current makes of gas check fit 
most gas-check bullet bases quite service¬ 
ably, despite variations among these bases, 
and generally there is little to choose 
among them. In some situations, the hand- 
loader can take advantage of peculiar fea¬ 
tures of gas checks of the different makes. 

The Lyman Ideal gas check is made in 
simple cylindrical form of cornparatively 
thin metal. Its general performance is 
excellent. It offers the special advantage 
that with it the gas-check bullet can be 
loaded without any sizing, and such 
loading (with bullets cast to suitable 
diameter) gives the best results. All other 
makes of gas check, so far as known, must 
be put through a sizing die after attach¬ 
ment to bring them down to bullet di¬ 
ameter* If the bullet is already nearly 
correct, the die can be chosen of diameter 
which reduces the gas check with only 
slight sizing of the bullet, and the above 
advantage is then largely retained. 

The Sierra gas check is flared at the 
lip. This permits it to be pushed onto a 
base on w'hich it is a tight fit, without 
shaving lead. 

Lock-on action is secured in several 
makes. The Warner gas check is com¬ 
paratively thick, and the sizing die presses 
il inward tightly against the bullet shank. 
The former Kampen gas check adhered 
well by serrations inside the gas-check 
wall. The Hornady gas check is made with 
its edge flared and intentionally thickened. 
The sizing die turns this edge in so that 
it bites into the shank and so locks on. 
The performance of these lock-on gas 
checks in moderate loads is almost in¬ 
distinguishable from that of non-lock¬ 
ing types* In unusually heavy loads they 
appear advantageous,—E.H.H* 


Lead Poisoning 

For several years / have been casting my 
fishing sinkers and other small items of 
lead alloys. To melt the lead 1 t4sed a gas 
burner in the garage. I tried to keep the 
garage well ventilated because of carbon 
monoxide from the burning gas. What I 
did not realize vvoj that the fumes from 
the melted lead and the metallic dust of 
this metal were also dangerous. 

Often, after 1 had finished some casting, 

I had a severe headache and a nauseated 
feeling. I later learned that these are some 
of the symptoms that accompany lead 
poisoning. Lead is taken up by the body 
and is removed as a waste only very 
siowly. Each dose of lead adds to the 
concentration in the body. 

Today, with the revived interest in cash 
ing huliets at home, the chances of lead 
poisoning may be greater. This does not 
mean that everyone should give up this 
type of thing; it merely means that one 
.should he careful in the handling and use 
of lead and its alloys as one would be 
careful in handling a gun. 

The best safeguards against lead poison¬ 
ing are the easiest: (/) make sure of ade¬ 
quate ventilation, (2) keep the temperature 
of the melted alloy as far below ihe hoiL 
ing point as practical to minimize lead 
vaporization, and (3) after handling the 
lead, wash before smoking and before han¬ 
dling food to avoid introducing lead into 
the body. 

Can you comment? 

Answer: You will agree that only an 
experienced physician could determine the 
cause of your discomfort with certainty* 
You do not mention such a diagnosis* The 
symptoms you describe apply also to ex¬ 
posure to carbon monoxide gas. It can 
only be remarked that your limited ex¬ 
posure and other circumstances point to 
carbon monoxide as the agent which should 
be investigated and eliminated first of all* 

As to the general experience, bullets 
have been cast and used for very many 
years. If there had been any considerable 
lead poisoning in that time it almost cer¬ 
tainly would have become known to the 
National Rifle Association. The fact that 
no such situation has appeared is a strong 
indication that lead poisoning must be 
uncommon among these users. 

Members of the National Rifle Associa¬ 
tion Staff have cast bullets over a period 
of many years, and had no trouble* 

However, since even isolated cases .of 
lead poisoning would be extremely unde¬ 
sirable, the NRA Technical Staff investi¬ 
gated the matter in detail. 

With a Mine Safety Appliances Co. 
apparatus for the detection of lead dust 
and fume in air, check was made of the 
atmosphere around a bandleader's electric 
furnace which was being used in bullet 
casting. Nothing could be obtained except 
a light indication close above the pot. 
Bullet casting was interrupted while this 
check was made, thus temporarily sus¬ 
pending any air contamination from stir¬ 
ring, dipping, and fluxing the melted lead. 
Still this result appears to indicate a prac¬ 
tical absence of dangerous fumes. 

Then the investigator addressed an in- 
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quiry to 4 men who have cast bullets in 
enormous quantities, far greater than any 
handloader making up ammunition for his 
own use. These gentlemen generously gave 
The Rifleman permission to describe 
their experiences. 

One is a member of the NRA Head¬ 
quarters Staff who for several years cast 
40,000 to 50,000 bullets annually, concen¬ 
trated in the 4 winter months of the year. 
The casting was done in gang molds, from 
lead pots fired by a plumber's gasoline 
furnace. Because of the furnace, care was 
taken to provide a current of air through 
the open-ended building in which the cast¬ 
ing was done. There were no symptoms of 
illness at any time. 


Lead poisoning reported 

The other men, living in different states, 
were queried because they were reported 
to have suffered lead poisoning incident 
to preparing large quantities of bullets. 

One of these men cast bullets on a large 
scale for 10 years. Source of heat was a 
gasoline stove fueled with unleaded gaso¬ 
line. Ventilation was not good. He suffered 
severe pains in the head and neck at times, 
and red skin blotches especially on the 
legs. Pains were always relieved by medi¬ 
cines containing Vitamin B and iron, and 
ceased when large-scale casting was dis¬ 
continued. He is still casting on a relatively 
small scale using an electric furnace, with 
no trouble. He believed he had lead poi¬ 
soning, but his physician declined to state 
that it was lead poisoning. 

Another of these men cast over 5 mil¬ 
lion bullets during 20 years, and is still 
doing this work though at a lower rate. 
Source of heat is bottled gas. Fans are 
used to blow away fumes, and casting is 
at times done outdoors. Casting was nor¬ 
mally carried on for only half of each day. 

Often a congested head feeling and 
other discomfort appeared after 2 weeks 
of steady casting. These symptoms always 
disappeared when casting was stopped for 
a day or so. A high blood pressure condi¬ 
tion was detecied and is being satisfactorily 
controlled. The individual states that at 
one time he felt quite sure he had lead 
poisoning. Now he is convinced that 
he never had it. 

The fourth man actually had an ex¬ 
tremely severe and serious lead poisoning. 
He suffered unconsciousness, followed by 
debility, damage to nails and teeth, and a 
long convalescence after medical treat¬ 
ment, Now he feels no bad effects. 



Means of poisoning 

He considers that his poisoning came 
about in 2 ways. 

One of these was his supervision of the 
casting and loading of about one million 
rounds of .38 Special ammunition an¬ 
nually. After se ve r a I years, the c asti n g 
operation was moved to a small room 
which circumstances did not permit venti¬ 
lating well. Special 50-lb. electric furnaces 
made no combustion gases; but it was not 
possible to remove fully the accumulation 
of smoke and lead dust from fluxing which 


hung under the low ceiling. One or 2 days 
a week apparently did not bother the vari¬ 
ous individuals doing the bullet casting, 
but the supervisor was present continually. 

The other cause was spending 3 or 4 
evenings a week, during the winter months 
of several years, in an indoor range in 
heavy use for .22 and .38 Special firing. 
Without a strong blower to evacuate the 
fine lead dust, especially that from bullets 
continually breaking up against the steel 
bullet-stop, this dust permeates the entire 
range. (The possibility of poisoning by 
lead in this manner is well known. The 
National Rifle Association publishes range 
construction plans which provide for ample 
ventilation for health and safety.) 

Besides these 4 individuals, many hand¬ 
gun shooters and competitors cast bullets 
in large quantities without ill effect. 

In considering the possibility of lead 
poisoning, interested persons can bear the 
following in mind. 

It is reported that practically everyone 
carries appreciable amounts of lead in 
his body. At usual levels this has no 
measurable effect. Excessive amounts give 
rise to symptoms depending on the nature 
and degree of exposure. 

Lead may be ingested with food and 
drink, breathed in dust, or taken in through 
the broken skin (rare). Vessels made of 
lead-bearing materials have long caused 
poisoning, especially through distilled 
liquors. Industrially, breathing lead dust 
is the most serious cause. Unless precau¬ 
tions are taken, the air may be contami¬ 
nated from processes such as smelting in 
which the material is highly heated, or 
making storage batteries with powdered 
lead compounds. Tetraethyl lead in anti¬ 
knock gasoline is poisonous. In young 
children, swallowing dried lead paint can 
cause the worst form of lead poisoning. 
On the other hand, metallic lead is not 
considered a dangerous industrial material 
to handle. 

Ceriain symptoms of lead poisoning in 
adults have frequently been mentioned— 
colic, wrist drop, lead line on gums. In 
fact the symptoms are various and var¬ 
iable. There have been recorded instances 
of missed and delayed diagnosis by physi¬ 
cians, and on the other hand diagnosis of 
lead poisoning when the disorder was 
something else. An authority has staled, 
speaking of diagnosis by physicians: “Few, 
if any, of the occupational diseases are so 
consistently erroneously diagnosed as lead 
poisoning.” Physicians with an industrial 
practice usually are well acquainted with 
lead poisoning in adults. They may request 
certain blood and excretion tests to con¬ 
firm the diagnosis. In some locations such 
tests are administered periodically to work¬ 
ers whose regular exposure makes poison¬ 
ing a possibility. Sanitation is enforced, to 
prevent the inadvertent taking in of lead 
by mouth under unsanitary conditions. 

It may appear attractively simple to 
attribute a malaise to lead poisoning. In 
reality, the average person knows almost 
nothing about the subject. In consideration 
of this, and the other factors mentioned 
above, it may be well for one to refrain 
from announcing a self-diagnosis of lead 
poisoning as fact. 


Conclusions 

The following conclusions appear 
<1) A maker and user of bullets 
can be poisoned by lead, under su: 
extraordinary exposure. This cao 
exist for the individual casting bull^ 
scale for his own use, with re; 
ventilation and sanitation. (2) 
monoxide is a very serious danger 
ever there is combustion'—fires 
closed spaces, common stoves, ii 
combustion engines, etc. There are 
hundred deaths from it in the United 
annually. Every combustion for m 
purpose should be vented. 

The common sense precautions i 
tioned in the original question 
simple and effective that they are rq 
here: (1) make sure of adequate 
tion, (2) keep the temperature d 
melted alloy down to minimize vaj 
tion, (3) after handling the lead, 
before smoking or eating,— 
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Cleaning Bullet Mold 

} have read that oil in a htdiei tnolf* 
cause a litfle smoking and spintm 
use. hut wilt soon htfrn of] and leav 
mold better for it. it that correct? fri 
experience if takes a i(mg rime to sitjHi 
mofd making good bidlets. 
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Answer: k is not correcU While the 
of oil does make a difference (pctroli 
based oils, the kind in general use, 
the most difficulty in this way), any 
slow to burn off in casting. Users Ib 
wasted a great deal of time at that idij Qantsll 
business. Then even though they finnWfi 
the mold working, this process buildsuj ® 
deposit in ihc cavity which impairs*' 
bullet quality. i 

The mold therefore should be dea , 
of oil and grease before use. Petrolel 
based solvents, even highly volatile lig) ; 
fluid, remove all visible traces but k 
something which still keeps the mold b 
turning out good bulleis. The best rd 
available solvent for cleaning the mdil 
denatured alcohol. (This does not mfi 
rubbing alcohol compounds, which coiHj 
substances that remain behind as 
also some rubbing alcohol compound? 
made with isopropyl alcohol which b 
a useful solvent of oil.) A mold pro] 
cleaned with alcohol should make 
bullets as soon as brought up to woi 
heat, which should not require ca 
more than a dozen bullets. 

Storing the mold dry with VPl to 
vent rust makes furl her cleanings sef 
necessary. When oil must be used, 
far faster and easier to remove it 
alcohol than try to burn it off by castii 

Any deposit in the mold from previi 
use can be removed easily and safely, 
turning slowly in the cavity a brass 
brush which has itself been cleaned 
alcohol or soap and water. Do not usef 
steel brush of any kind, steel wool, f 
abrasive.—E.H.H, 
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Lubricating materials for handloading, 
their properties, performance, and 
value as determined by NRA tests 
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U KJACKETED lead alloy bullets must 
be greased. This is normally done 
with a suitable lubricant packed into 
ITOOvcs around the bulleL 
Onginally the lubricant was needed 
to soften the heavy fouling from black- 
powder and permit continued loading 
ufitl firing. Smokeless powder leaves 
little fouling. This allows the bullet to 
aib directly on the rifled bore, and with- 
ffljt lubrication, lead would deposit and 
felroy shooting accuracy. The bullet 
grtasc must be a good enough lubricant 
to prevent this. 

However, anyone who does much 
carafui experimenting with bullet lubri¬ 
cants will find some which prevent lead¬ 
ing quite well, yet give inaccurate and 
even wild shooting. The function of bul- 
L ki lubricants thus is more than to pre- 
■ vent leading. The former Schuetzen 
riflemen appreciated this, and carefully 
adjusted their bullet lubricant formulas 
for most accurate shooting. Present 
'iwKlloaders have generally lost sight 
&f this factor in shooting accuracy. 

Lubricanfs affect accuracy 

[ Prevention of leading is in most cases 
iditively easy. Needed are a reasonably 
good lubricant, a bullet alloy suitable to 
tlie load, and the restriction of fast- 
buming powders to light loads. Then the 
^ dy persistent leading problems seem 
to be in center-fire target revolvers. The 
^ following will take these things for 
panted, and turn attention instead to 
the effect of bullet lubricants on shoot- 
iog accuracy, 

U turns out that the bullet lubricanfs 
liest for shooting accuracy are also 
Uglily effective in preventing leading. 
This will be brought out in what fol¬ 
lies, at points where important. 

Among current bullet lubricants, the 


better ones can give good to excellent 
shooting accuracy in light and medium 
cast-bullet loads. Heavy loads fail not 
by bore leading, if suitable powders are 
used, but by wild shooting. This is the 
general limitation on cast bullets in 
rifles. They can be loaded to full power 
io nearly all handguns. 

An extensive Rifleman investigation 
was therefore directed toward bullet 
lubricants, to improve the shooting ac- 
curacy of cast bullets and raise their 
velocity limit. 


Compositions of bullet lubricants sold 
for handloading are generally not re¬ 
vealed. Many shooters make up bullet 
lubricants of their own. These, like the 
bullet lubricants known from the past, 
are mainly based on only a few ma¬ 
terials. Except in Principles and Practice 
of Loading Ammunition, by Earl Nara- 
more, almost nothing has been pub¬ 
lished for handloaders on the character¬ 
istics and specific performance of these 
materials. Most information had to be 
obtained by Rifleman investigation. 

Materials listed at right, and others, 
have been recommended to handloaders. 
Additional unconventional ones were 
given NRA test. The following identi¬ 
fies the most important materials and 
tells something of their properties, per¬ 
formance, and value in bullet lubricants 
as determined in the NRA investigation. 
Most of the natural materials among 
them exist in a range of properties 
(hardness, color, melting point, etc.), 
depending on origin and refining pro¬ 
cess; similarly, the synthetic products 
are made in a wide range of weights 
and grades. These differences are 
touched on only as they are considered 
important for bullet lubricants. 


Beeswax, the comb made by the 
honeybee, has long been used in bullet 
lubricants because of its availability and 
its compatibility with other waxes and 
oils. It may be white or yeliow, depend¬ 
ing on whether it has been bleached or 
not. Bleaching impairs the performance 
in bullet lubricants. Purity also is im¬ 
portant. Beeswax is very often adulter¬ 
ated, because of its cost. To get actual 
beeswax, and not some unknown mix¬ 
ture under that name, it is necessary 
either to obtain it from a maker known 
to be reliable or to buy Beeswax USP 
from a drug supplier. The cost of bees¬ 
wax appears to have generally Umifed 
its use in commercial bullet lubricants. 
To the shooter making up a bullet lubri¬ 
cant for his own use and not for sale, 
the cost in comparison with other am¬ 
munition components is trifling. 

Japan wax is a sumac berry wax im¬ 
ported from Japan and China, Unlike 
most other waxes, it is a fat (glyceride). 
It has been used straight by the Army 
as a bullet lubricant, and apparently at 
times by sporting ammunition firms. 

Adding Carnauba wax 

Carnauba is a South American palm- 
tree wax. It is a valuable ingredient in 
polishes, though limited in that use by 
its cost. It increases the hardness and 
raises the melting point of wax mixtures, 
but the resulting brittleness makes it 
poor for bullet lubricants in anything 
above very small proportions. 

Ozocerite, which has been recom¬ 
mended in some bullet-lubricant form¬ 
ulas, is an earth wax mined in Europe 
and the United States. It is compatible 
with many waxes, oils, and greases, jus- 


COMPOSITION OF EXTENSIVELY 
USED BULLET LUBRICANTS 

U. S. Army, 1855—1 beeswax, 3 talfow. 

U. $. Army, lB61“a beeswax, 1 taMow. 

U. S. Army, 1873—^ bayberry wax, 1 graph¬ 
ite. 

U. S. Army, 1S80 and thereafter—Japan 
wax. 

Sharps Rifle Co., Ifl78—1 beeswax, 2 
sperm oil. 

Massachusetts Arms Co. (Maynard rifle), 
1890—1 beeswax, 3 talfow. 

Marlin Firearms Co., 1891—1 beeswax, 4 
taJlow. 

Smith & Wesson, 1891—tallow. 

H. M. Pope, about 1900—3 mutton tallow, 

2 bay wax, i beeswax, 1 steam cylinder 
oil, .2 of 1 Acheson graphite. The bay 
wax could be ornitted. 

Automobile door latch stick Tubrscant, U. S. 
Patent 1,920,161 (1931)—5 paraffin wax, 

3 petroleum jelly, 2 oil. 

A large police department, 1962—1 bees* 
wax, 1 paraffin wax, l cosmoline. 


Lubricant composition 
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tifying it^ use in bullet lubricants. On 
the other hand there seems to be no 
reason to expect any extraordinary re¬ 
sults from it. The natural color is black 
OF very dark green, but may be light¬ 
ened all the way to white by refining. 
Fully refined ozocerite is called ceresin. 
Ozocerite is extensively adulterated. It 
has been stated that the ceresin of com¬ 
merce may contain 50% or more of 
paraffin w'ax. 

Mon tan wav. which also has been 
reconimended for use in bullet lubri¬ 
cants, is a fossil wax obtained from lig¬ 
nite. It likewise has a good degree of 
compatibility with other waxes and oils, 
though its use in bullet lubricants does 
not appear to have led to any remark¬ 
able results. 

Petroleum extracts 

raraffin often called simply par¬ 
affin. is extracted from petroleum. Kit¬ 
chen paraffin wax is about midway of 
the range of hardnesses available. Im¬ 
portant characteristics of paraffin svax 
are its wide availabiliiy and extremely 
low' cost. In bullet-lubricant mixtures, 
however, it has the great disadvantage 
of being incompatible with most other 
waxes and oils. These tend to enter bc- 
tw^een the large cry^stals of the paraffin 
wax instead of mixing homogeneously 
with it. The result is a llaky product, 
which in bullet lubricants gives poor 
shooting accuracy though successful in 
preventing leading. It does no good to 
melt the materials together, since they 
resume this structure on solidifying. 
Paraffin wax can be used in bullet lubri¬ 
cants with other constituents which in 
sufficient quantity have a plasticizing 
effect—^petrolatum is one. The door latch 
stick lubricant already mentioned is a 
moderately good bullet lubricant. For 
the handloader making up a bullet lub¬ 
ricant for his own use, the small money 
saving in ammunition cost may be con¬ 
sidered a poor reason for choosing 
paraffin wax. 

Petrolan4m is a soft wax also obtained 
from petroleum. It differs fundamen¬ 
tally from paraffin wax in being free of 


coarse crystalline structure. Petrolatum 
can be used to soften and plasticize 
many wax mixtures which are too hard 
and brittle. Petroleum jelly is refined 
petrolatum. It is available as Petrolatum 
USP and Vaseline, either yellow or 
white. Darker, higher-melting grades 
range in color from amber to dark red, 
and are used industrially under the gen¬ 
eral name costnoline. This name was 
also popularly applied to the heavy rust- 
preventive compound formerly used by 
the Army, which while it had a cosmo- 
line base also contained rust preventive 
additives including rosin. For better iden¬ 
tification, ‘'Cosmic'' is the trade name 
of one such rust-preventive compound. 

Microcry\tal!ine wav is obtained from 
heavy-viscosity petroleum fractions, and 
is available in consistencies from soft 
to very hard. As the name indicates, it 
is of very fine crystalline structure. Quite 
unlike paraffin wax, it has good oil bind¬ 
ing and oil retention qualities, and is 
considered to be compatible with other 
mineral waxes and most vegetable w'axes. 

Solid alcohols and derivatives 

Solid alcohols (alcohols of high mo¬ 
lecular weight) and alcohol derivatives 
are proposed as bullet lubricants in 
U. S. Patent 2,193,631 (1940). NR A 
tests w'ere made with a mixture of one 
part lauryl alcohol and 2 parts stearyl 
alcohol, and variations. These were re¬ 
markable in leaving practically no de¬ 
posit in the rille bore. From suitable 
light loads, the barrel wiped out with a 
dry patch as though it had not been 
fired. These alcohols, however, have 
only limited lubricating power and may 
fail to prevent bore leading. Extensive 
trial, with and without admixture of 
waxes, greases, and solid lubricants, at 
times gave superior shooting accuracy 
w'ith light cast-bullet loads in rifles, but 
no bullet lubricant adequate for general 
use could be obtained. 

Carhowaxes arc solid polyethylene 
glycols similar to permanent-type anti¬ 
freeze but of higher molecular weight. 
They are available in a wide range of 
hardnesses and molecular weights. While 


their lubricating qualities appear IdJ 
better than those of the solid ali 
as bullet lubricants they gave aboi 
same results. | 

Metal tic soap greases are quite ui 
all the foregoing. Greases are mai 
adsorbing oil (usually mineral oi!}j 
a sodium, calcium, lithium, or 
metallic soap. Such greases havtj 
greater lubricating power than wax 
tures. Greases of industrial impc; 
are almost all quite soft. Persons« 
miliar w'ith them expect them lor 
a correspondingly low' melting pi( 
something like petrolatum; this 
ever, is not the case and such 
are melted with difficulty. Beni 
greases are of a different type, 
made by adsorbing oils on bcnl 
colloidal clay. Bentonite gi 
hardly be said to have a melting 
A summary evaluation of greai 
bullet lubricants is given below. 
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Solid lubricants tested 


Solid hihriceous (more iicctj: 
dry lubricants) are fiakes or po' 
The common ones are graphite, 
denum disulphide (MoS^.), and 
They are used industrially lo imi 
kibricarion of non-rotating be 
which cannot build up a liquid li 
eating film between rubbing su: 
This seems to correspond to the 
tion of the bullet in the gun bon 
solid lubricants have been adi 
bullet lubricants for severe condit 
While many NR A te.sts have 
that they usually ( not always) do 
prove the lubrication, the remai 
fact is that they almost always dei 
the shooting accuracy. This ha| 
both by group enlargement anJi 
.shifting the center of impact as 
continues. Smooth, high-quality 'm 
are least subject to this effect, but* 
bores least need the lubrication 
provement. It seems evident tb 
trouble is from variable conditii 
of the bore surface by the solid 
cant. Many repeated tests forced] 
conclusion that solids arc a fiabilil 
bullet lubricants. 

A possible exception is Dupont 
Ion. Teflon 7, of very fine particle 
has given excellent results in someM 
tests as both a bullet lubricant adi 
and a filler between bullet and 
charge. The successes however hav?r 
been consistent, ft is difficult or i 
sible with hand method.s to inco 
this fine, fiuflfy material smoothlyi 
bullet lubricants. *- 

An outstanding feature of this i; 
tigation w'as the impossibility of 
casting which materials would be 
ful in bullet lubricants. Only a thoi 
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following did become clear on certain 
general classes of materials: 

a. Solid (dry) lubricants are consid- 
tfed unsuitable, as explained previously. 

b. Materials of fibrous character are 
unsuitable. For example^ the special 
asbestos-fiber grease formerly used in 
automobile wheel bearings and univer¬ 
sal joints gives wild shooting. While 
bullet lubricants should be to some ex¬ 
tent tenacious, they should not have a 
‘iSbraus’ character, 

c. Some materials except in very light 
leads tend to leave a bore deposit near 
(be chamber which is very difficult to 
remove. Among such materials are cal¬ 
cium soap greases, including waterpump 
grease which has often been used as a 
bullet lubricant; castor oil; bentonite 
greases under severe conditions; sili¬ 
cones (very bad); and diester synthetic 
greases. All such materials are thus un¬ 
suitable for general use, 

Attaining good results 

Many of the possible bullet lubricants 
tried, among the hundreds of natural 
and synthetic materials which are pos¬ 
sible, are tabulated in the article '‘Re- 
6iiements In Cast Bullets” in the NRA 
lllmated Rehadirtg Handbook. The 
most successful bullet lubricant found 
was general-purpose lithium lubricating 
grease, obtainable in many automobile 
filling stations in cans so labeled. This 
gave much the best results in the severe 
, conditions of cast-bullet loads in rifles, 

I On the other hand, it afforded little im- 
,II(ravement in handgun loads. Also it 
is too soft to work satisfactorily through 
bench sizer-lubricators, and bullets lub¬ 
ricated with it are very inconvenient to 
( handle during loading. It would be pos¬ 
sible to obtain a stiff grease of this kind 
(one commercial bullet lubricant is a 
soap grease of stiff consistency) but it 
appears that softness is necessary to 
best performance of this grease. 

I The NRA investigation was therefore 
I yjontinued to find a bullet lubricant that 
is convenient as well as effective. 

Remarkable success eventually w'as 
1 nbiained with certain materials pro- 
ted by Alox Corp,, Niagara Falls, 
RY. These are derived primarily from 
'Jelroleum, and are used for increasing 
tk lubricity and corrosion-prevention 
j. qiidilScs of oils and greases. The mano- 
feturer has more than 2000 formula¬ 
tions available. The name Alox does not 
indicate that the materials contain alum¬ 
inum oxide. 

The successful development began 
with Alox 350, a wax of dark red-brown 
oobr and pungent but not unpleasant 
odor. Its softness and low melting point 
of 100'^ to 110^ F. make it unsuitable 
for direct use as a bullet lubricant. After 
trial of 12 variations supplied by the 



On .38 Special wadcutter target bullet, Alox 
bullet lubricant in only rearmost grease 
groove (r.) gave about same lubricating 
effect as a commonly used bullet lubricant 
in all 3 grooves. 

manufacturer, the one chosen as the 
lubricant base was Alox 2138F, in 
which the melting point has been raised 
to 160" F. 

Practicable consistency was obtained 
with addition of beeswax, Japan wax or 
microcrystalline wax, tried in propor¬ 
tions from a preponderance of the Alox 
base to a preponderance of the harden¬ 
ing wax. All the mixtures left rifle and 
revolver bores easy to wipe out, and 
free of lead except as will be noted for 
,38 Special target revolvers. The Japan 
wax mixtures however w'ere quite dis¬ 
appointing in target grouping, and the 
microcrystalline wax mixtures were 
somewhat so. The final lubricant, chosen 
on the basis of bore lubrication, target 
grouping, consistency for use in bench 
sizer-lubricators, and reasonably easy 
handling of the lubricated bullets during 
loading, was composed of equal parts 
Alox 2138F and pure yellow beeswax. 
Success of this lubricant is due to the 
Alox; the beeswax is the best material 
found to give desired consistencyJ 

Suitable for handloading 

The resulting bullet lubricant has a 
reddish-brown color, translucent in thin 
sections, and the odor of Alox 350 but 
less strong. It is smooth and of consis¬ 
tency generally suited to conventional 
loading practice. Working softens it 
somewhat; it recovers on standing. 

The basic Alox 350, an industrial ma¬ 
terial, costs about S.42 per Ib. in 5-gal¬ 
lon pails (about 37 lbs.), the smallest 
packing. Price of Alox 2138F is about 
the same. This is much more than most 
materials used in bullet lubricants, but 
less than the beeswax which is a com¬ 
ponent of the successful lubricant and 
often used in high-grade mixtures. 

Success of a bullet lubricant is estab¬ 
lished only by thorough firing test. The 
effect of even small changes cannot be 
forecast, and is often a surprise. For 
example, at one point the hard micro¬ 


crystalline wax tried in these experi¬ 
ments was modified by adding 30% of 
a vinyl which is commonly used to im¬ 
prove the plasticity and grain size of 
microcrystalline waxes. The unexpected 
result was to double the size of target 
groups. The composition of one part 
Alox 2138F and one part pure yellow 
beeswax means that, not something else. 

As with other bullet lubricants, the 
performance possible depends heavily 
on barrel quality. The following will 
serve as a guide. 

Analyzing performance 

In cal. .30-’06, it has long been con¬ 
sidered that the maximum practicable 
cast-bullet velocity is 2000 to 2200 f.p.s. 
(feet per second). With usual lubricants 
attainment of this velocity with satis¬ 
factory accuracy has often been quite 
difficult. With the new lubricant in NRA 
tests it was considered quite easy. A 
load in this general class is the l90-gr. 
Saeco RG4 gas-check bullet cast of 
linotype alloy to a body diameter not 
greater than .311” and sized to .310”, 
with either 37 grs. DuPont IMR 4895 
or 36 grs. Hercules Reloder No. 11 
powder. As in all loads in which the 
pow'der does not fill the cartridge case, 
it should be always tilted into the same 
place in the cartridge case before firing, 
or held in position with a tuft of kapok 
fiber under the bullet. This load made 
up with an excellent commercial bullet 
lubricant has given superb accuracy 
from high-quality barrels. The Alox bul¬ 
let lubricant makes it perform w'cll in 
only average barrels. Power approxi¬ 
mates that favored for 300-mcter Olym¬ 
pic and International target shooting. 

A somewhat heavier load is the 205- 
gr. Lyman No. U3112S4 or 311290 gas- 
check bullet cast of linotype alloy to 
,3105” diameter and sized to .310” on 
the Alox lubricant, with 42 grs. Hodgdon 
H380 Ball powder. For uniform ignition 
it is nece.ssary that the powder be back 
against the primer on firing. 

Kapok fiber protection 

An old device to permit increased 
powder charges is to protect the cast 
buiiet with a filler of some inert mate¬ 
rial over the powder. NRA search found 
only one material which is completely 
satisfactory, namely kapok fiber. A tuft 
of Vz gr. weight, freed of dirt and pulled 
apart to eliminate matting, is put loosely 
onto the powder charge before bullet 
seating. It is completely consumed on 
firing. Surprisingly, this small amount 
of feathery fiber permits increasing the 
powder charge by 10% or more, with¬ 
out material accuracy loss. More than 
Vz gr. of kapok impairs accuracy.^ 

Barrels of suitable quality can satis- 
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factorily shoot the 155-gr* Lyman No. 
11311466 bullet cast .311" of linotype 
alloy and sized .310" on the Alox lub¬ 
ricant, with 50 grs. IMR 4895 powder 
and V 2 gr, kapok under the bullet. This 
is substantially a ,30-’06 full load. The 
165-gr. Lyman bullet No. U311291 
often may be used, cast and loaded the 
same, with 48 grs. IMR 4895 powder. 
The No. U311291 makes a round more 
convenient for carrying since there are 
no exposed grease grooves. 

Powder charges in the above loads 
with the Aiox bullet lubricant, except 
the last, may be increased by one or 2 
grs. in high-grade barrels. In some other 
barrels it will be found necessary to re¬ 
duce them. Target grouping is the guide. 

The foregoing loads with the Alox 
bullet lubricant are at least as good as 
with soft lithium grease, but with the 
convenience of conventional application. 
The same is true down through very 
light loads. 

For proper shooting accuracy with 
cast-bullet loads, rifle bores should be 
cleaned thoroughly with a new brass 
brush before firing. 

Bore size a factor 

The problem of loading accurate am¬ 
munition is of interest to a great many 
handgun shooters. 

The short, wide handgun bore seems 
to present a less difficult problem than 
the long, narrow rifle bore in which the 
fast-moving bullet must push through 
or over the lubricant film on the surface. 
The handgun bullet lubricant does prove 
to be less critical. Nevertheless, there 
remain marked differences in shooting 
accuracy among available lubricants. 

NR A tests were made on a standard 
.38 Special target load—the Hensley and 
Gibbs No. 50BB wadcutter bullet of 
linotype alloy, with 2.7 grs. Hercules 
Biillseye powder. Bullets were cast .001" 
above groove diameter for Smith & 
Wesson and the former small-diameter 
Colt revolver bores, respectively, and 
reduced about .0005" in sizing. As with 
rifle bullets, reduction should not exceed 
that amount and die must have a ta¬ 
pered entrance to center bullet base. 

The amount of bullet lubricant used 
makes a difference. 

Some center-fire handgunners have 
filled only 2 or even only one of the 3 
lubricant grooves, in lightest target loads. 
While the purpose was to minimize 
smoke in indoor ranges* it has been 
thought that shooting accuracy was 
improved also. In the 50-yd. load of the 
No. 50BB bullet and 2.7 grs. Bullseye 
with other available bullet lubricants, 
it was found in NR A test that removal 
of lubricant from one bullet groove 
brought on undesirable bore leading. 
Apparently this is why the practice has 


never become general. 

With the Alox bullet lubricant in all 
3 grease grooves, 50 rounds in S & W 
K-38 revolver left the muzzle face 
covered with grease. Alox lubricant in 
only the rear groove gave lubrication 
like that from usual bullet lubricants in 
all grooves, or from factory wadcutter 
ammunition—that is, only soot on the 
muzzle face, but the bore generally 
free of lead except in the conical coun¬ 
terbore in rear end of barrel. This is 
the condition for best target grouping. 

Bullets with Alox lubricant in only 
the rear groove, carefully loaded by 
conventional means, gave about the 
same accuracy as with best other lubri¬ 
cants in the necessary all 3 grooves. 
This averages about VA minutes of 
angle for 10-shot groups, from K-38 
revolver in machine rest. Western Su¬ 
per-Match factory wadcutter ammuni¬ 
tion under the same conditions averages 
about 2^A minutes. The dilTerence 
amounts to at 50 yds. (it is not 
meant that usual handloading does this 
well). Other factors aflfect .38 Special 
handloads, and these results deal only 
with effects of bullet lubricants. 

Filling all bullet grooves with the 
Alox lubricant nearly prevented lead 
deposits in the barrel cone. This en¬ 
larges 10-shot groups by about one min¬ 
ute (1^" at 50 yds.). Such a difference 
would be of little concern in Service 
and Magnum revolver loads. 

Results using solid barrels 

The NRA tests for solid barrels were 
made in a 16" barrel fired from 6-point 
rest. Handload grouping was substan¬ 
tially the same as from the revolver. 
Factory wadcutter ammunition grouped 
poorly, possibly from its bullet lubri¬ 
cant not lasting to the muzzle though 
there was no overt bore leading. This 
is nothing whatever against the factory 
ammunition, which was not designed for 
barrels of any such length; it does point 
up the effectiveness of the Alox lubri¬ 
cant in only one bullet groove, which 
had no trouble in that barrel. As in 
the revolver, firing with a usual bullet 
lubricant in only 2 grooves resulted in 
bore leading. 

In general, cast bullets require load¬ 
ing with a certain amount of skill which 
comes with experience. They then offer 
some special advantages. Rifleman 
articles have made known the actual 
controlling factors in their use, with 
very favorable results by hand loaders. 
The Alox-based bullet lubricant de¬ 
scribed here raises the power limit of 
cast bullets to a worthwhile degree, and 
generally improves the performance of 
cast-bullet loads of all kinds. It can in¬ 
crease the number of haodloadcrs who 
find them practicable* B 


Point-Cutoff Molds 

In descriptions of Schtiefzen rifiei 
equipment there is occastoneii menlk 
point-cutoff bullet molds. Please t 
this construction. 

Answer: In the final decades of Schi 
rifle shooting in the United States, l(j 
continued effort had refined both 
ment and shooting methods to a hi^| 
gree. These shooters observed, among 
things, that condition of the bullet 
was more important to shooting ac 
than condition of the point, Bulleli c; 
the usual way, by pouring through a 
plate over base end of the mold 
must have some slight imperfection iej 
base from cutting off the sprue. Also? 
shrinkage void in the cast bullet rtiu^ 
near the base, that part being uppeiJ 
in the mold. The poinLcutoff moldr 
devised for pouring the bullet fromJi 
point end, thus moving any unavoit 
imperfection to that end where it 
have less effect. 

Point-cutoff molds were planed off 
the point end until the cavity was jitst 
posed. The sprue plate was made to 
over that end, and a base plate all; 
to it covered the base of the cavity, 
slriiclion is illustrated. 

A few of these molds are still in 
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Pope cal. .33 point-cutoff bullet 
shown closed (top) and open. 


tence and are much prized. There \ 
been, however, Utile occasion to 
more of them. Height of the ppint-cilj 
mold must be exactly the same as lengl 
the bullet, which restricts such mold) 
bullets of convenient length. Also 
flat-point bullets can be made. Veryi 
handtoaders develop loads with the ( 
tinned effort necessary to obtain sh« 
accuracy which could distinguish bet^ 
bullets cast in point-cutoff and con 
t ion a I base-cutoff molds. 

A different kind of point-cutolT 
however, is made in limited quantityNl 
type, required for hollow-base revD( 
and Minie rifle bullets, is like the ccMwj 
tional mold but with the bullet cavity 
verted so as to be filled from the ; 
and a removable plug put in from the lx 
tom to form the hollow base.—E.HJ 
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* Itethod of supporting gang mold wh(l€ pouring, Ordmariiy, gloves are worn to protect 
tiifi hands from molten metal and hot equipment 


BASICS OF BULLET CASTING 

Solutions to common problems encountered 
in casting lead bullets 

By PARRY C. YOB 
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T he casting of lead bullets is an an¬ 
cient art, preceding the metallic 
CsrEridge and even the rifled barrel. Yet 
many handloaders approach the subject 
with a great deal of ritualistic nonsense. 
Some are unable to cast enough bullets 
for their needs, and give up what can 
he a very enjoyable part of the game. 
This article offers solutions to com¬ 
mon problems not often discussed in 
[handbooks, and a basis for selecting 
certain kinds of equipment* 

Beginners are often confronted with 
the problem of determining whether the 
caiise of imperfect bullets lies in the 
mold, the metal composition, the tem- 
l.'peraiure, or a combination of factors. 

11 New mold blocks should be thor¬ 
oughly washed in a hydrocarbon solvent 
(gasoline or a safety solvent) and at 
once rinsed several times with acetone, 

»This should be done outdoors, away 
from sparks or flame which could ignite 
tk gasoline or acetone. The common 
safety solvents are chlorinated hydro- 
f xarbons, which are safe to health only 
wkn used in well-vent dated areas. Ace¬ 
tone will remove the last traces of grease 
I atid oil from the mold, and eliminate 
I the question of whether or not the mold 
is acting up because of oil, 

Kemove all the screws from the mold 
Nocks for this cleaning, to allow the 
solvent to enter the screw holes. The 
bandies should be removed and kept 
away from cleaning fluids because it is 


difficult to relubricate the joints of most 
handles. Should lubrication become nec¬ 
essary, the joints should be treated with 
a non-melting materia! such as AP-5j 
manufactured by Jet-Lube Inc,, Box 
3128, Glendale, Calif. 

Bullet metal temperature is not quite 
as clear-cut a matter as it might seem. 
Cold molds require hotter metal than 
molds which have become heated by 
continuous casting. Even with a clean 
mold block, good bullets should not be 
expected until the pool of metal in the 
sprue hole remains molten for several 
seconds after the egg-shaped dipper has 
been removed. When good bullets are 
being made, the metal temperature 
should be maintained until sprue solidi¬ 
fication time becomes inconveniently 
long, or bullets tend to stick in the 
mold. Lowering metal temperatures to 
eliminate a frosted appearance will not 
improve the quality of the product. 

When a clean, properly heated mold 
continues to drop poorly filled-out bul¬ 
lets^ a venting problem is indicated. 
When this occurs with a single-cavity 
mold, fill the casting dipper about half 
full, and pour in the normal manner. 
With the dipper still in the sprue hole 
and the blocks upright, drop the mold 
blocks firmly on a wood surface such 
as the end grain of a 2"x4", Keep the 
mold tightly closed and the dipper 
solidly in place. The dropping should 
be done gently, but with sufficient force 


to jar the metal into the mold. Be sure 
to wear gloves, since the metal will 
sometimes slop out of the dipper, ll 
may be necessary to do this with every 
bullet cast until the mold is broken in. 
If the mold continues to require this 
treatment, it should be returned to the 
manufacturer for venting. 

With multiple-cavity molds, some¬ 
times one cavity fails to give good 
bullets. If the mold cutoff plate has a 
channel between the sprue holes, fill the 
channel with metal, and wait until the 
metal starts to change color which indi¬ 
cates it is solidifying; then drop the 
blocks firmly on a wood surface, and 
the stubborn cavity usually fills. 

Molds with 2 or more cavities give 
greatly increased output, provided they 
arc correctly used* However, without 
proper supporting equipment the advan¬ 
tage is lost. Unless the multiple-cavity 
mold plate has a sprue channel, it is 
necessary to cast each cavity separately 
and the mold cannot be tipped to fill a 
cavity until the preceding one has solidi¬ 
fied, This results in as many operations 
as there are cavities, and is not much 
faster than a single-cavity mold. The 
extra handling of the mold is very tiring 
on the hand and wrist, necessitating 
frequent rests. With a sprue channel, the 
mold block or handle joint can be rested 
on a wood upright as shown in the pho¬ 
tograph, whilb the entire channel is 
filled in one smooth motion* 

Individual-hole plates are easily con¬ 
verted by milling a channel bctw'een the 
existing holes, and polishing the chan¬ 
nel with a small hand grinder. With this 
conversion, the output can be tripled. 

Melting equipment 

Bullet metal can be melted with any¬ 
thing from the kitchen stove to a black¬ 
smith’s forge. What is best for one 
location may not be suited to all. Where 
natural gas is readily available, pistol 
shooters and others using large numbers 
of cast bullets should not overlook gas- 
fired furnaces such as the one shown 
on page 52* Propane-fueled plumbers' 
furnaces are portable and require little 
maintenance. These are particularly 
useful to the shooter who lives in a 
remote area where bottle gas is used* 

In a fireplace with gas outlet for a 
log lighter, the gas-fired pot can be con¬ 
nected by an adapter substituted for the 
lighter. The fireplace will also act as a 
fume hood. Be sure to cover the work 
area with a sheet of thin plywood or 
Masonite to protect the floor. 

If the kitchen gas range is used, make 
a cover of ¥ 4 '* transite with a hole ex¬ 
posing only one burner, and place this 
over the stove. Spilled lead will perma¬ 
nently discolor the enamel on most ap- 











pliances. Be sure the cover does not cut 
off the air supply to the pilot light which 
could result in an explosion. Here, too, 
it is wise to cover the floor with ply¬ 
wood before starting to work. 

When melting scrap, determining the 
composition or hardness of a batch of 
metal, or making up an alloy, ingot 
molds such as supplied by Lyman and 
Saeco are excellent. It is sometimes 
desirable to produce quantities of bars 
for convenience in weighing* Random 
lengths of common angle iron can be 
supported in wooden V-blocks, and long 
bars poured in the resulting troughs. 
When the bars have cooled, they can be 
chopped into convenient lengths with an 
old hand-ax. Any cast-iron or steel con¬ 
tainer will serve as an ingot mold pro¬ 
vided its sides slope outward like those 
of a bread or muffin pan. Ingots weigh¬ 
ing more than 2 lbs. are impractical. 

For catching the easily damaged bul¬ 
lets as they drop from the mold, blank¬ 
ets or other padding are often used. A 
12''x24" frame made of wood 

strips placed on edge, with a piece of 
old bed sheet stretched across, will be 
found more satisfactory. Attach the 
cloth to the frame with tacks or, better 
yet, a staple gun. 

With the cloth firmly stretched in 
place, the bullets are dropped directly 
onto the resilient surface. An accumula¬ 


tion of bullets can be gently pushed to 
one end of the frame with a large 
kitchen spoon* The spoon prevents 
burned fingers* (A similar spoon with 
wood handle is handy for skimming 
dross from the melting pol, and return¬ 
ing sprue cuttings to the pot.) Up to 
100 bullets can accumulate before it 
becomes necessary to remove them 
from the frame* 

If a shallow cardboard box is placed 
between the pot and the bullet catching 
frame, the sprue can be cut and dropped 
into the box before dropping the bullets 
onto the frame. Contents of the box can 
be conveniently returned to the pot at 
various intervals. 

After a lot of casting, the dipper 
handle may be loosened by the heat. 
Plastic compounds are available for 
temporary repair, but none is satisfac¬ 
tory in continued heating. The perma¬ 
nent solution is to drill through the 
handle with a #48 or #49 drill, going 
through the ferrule, the wood, and the 
metal rod* Place a common shingle nail 
through the hole, and cut it off with 
about 1/32" projecting from the ferrule* 
Set the head of the nail on a solid metal 
support, and rivet the cut end w^ith a 
small ball-peen hammer. If you do not 
wear gloves while casting, keep your 
finger off the rivet as it gets hot enough 
to inflict minor burns. When much 



(I. to r.) Gang mold with channel sprue plate; multiple mold with individual-bole 
sprue plate; mold with individual-hole plate modified by milling and polishing channel 
between holes. 


casting is done, leather-faced gloves 
good, and for the heavy caster a patri 
welders' gloves is a good invest meat j 
Lubricating cast bullets can be a sif 
process if the equipment is not vvorls 
properly. Assuming you have gradua^ 
to a combined lubricator and sizer,f 
may be difficult to fill the grooves c(| 
pietely without depositing a wad ^ 
grease on bottom of the bullet. At J 
least there may be a thick film on* 
bullet base* This is caused by the ff 
that sprue cutters leave some roughnj 
on the base of the bullet, or even a p(f 
nounced bump, which keeps the bu 
from seating against the bottom pu 
of the sizing die. Grease naturally 
the space between bullet and pua 
when sufficient pressure is appliedl 
fill the grooves in the bullet. The pur 
end is concaved to prevent this, buti 
sufficiently so. 
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Punch in lathe 

Have a gunsmith or a machinist 
the punch in the head stock chuck 
lathe, and a center drill in the taihi 
chuck* Run the center drill in until 
60” taper hole is only about 1/i 
smaller than the punch (see illi 
tion). This leaves a fiat rim l/32''w 
If the center drill is not large ei 
for a punch of large caliber, run 
drill in to its maximum diameter s 
then use a lathe bit to reduce the 
of the flat surface to 1/32". The n 
contact seals against the bullet base.) 

Without removing the punch ' 
the lathe, drill through the punch f! 
end to end with a drill of same 
eter as the pilot of the center drill 
last step is not absolutely neces: 
in fact, the die will work perfectly 
only the countersunk center hole, 
without a hole to bleed off acc 
tions, it will be necessary to clean 
the depression periodically* 

Bullets lubricated with this rm 
punch in the die will seldom rqo 
cleaning of any sort. Should you 
to remove all trace of lubricant f[ 
the base of a bullet, draw it aci 
strip of cloth dampened with light 
chine oil. 

Packaged stick bullet lubricants 
available in excellent quality. It ' 
satisfactorily through the lubricali^ 
any temperature above a cool 60l 
and a single stick greases so many! 
lets that no argument can be ma^ 
the economy of homemade lubrici 
On the other band, if you wish to 
periment, buy a cheap electric hot pi 
and a long extension cord so you 
melt the material outdoors, rather 
subjecting your home to the smol 
worse which can result from a wax 
One of the greatest rituals of 
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L>iman lubricating die bottom punches 
modified with cavity and bleed hole (top), 
and unmodified punches for comparison. 


casting is the addition of tin to harden 
the metal There is little advantage in 
adding as much as 10% tin as a hard¬ 
ener What is not always recognized is 
that the more tin you add, the closer 
you come to a solder- Too much tin can 
cause excessive leading which is difficult 
Eo remove, being literally soldered to the 
barrel Excess tin and a good hot mold 
can result in smears wiped across the 
top of the mold block by the sprue plate. 
These impair the function of the mold, 
and are very difficult to remove with¬ 
out damage to the blocks. In fact, about 
the only thing which works is rubbing 
with fine brass cloth of the type sup¬ 
plied with the Lewis Lead Remover re¬ 


volver cleaning kit. This method came 
to light when the writer picked up a 
bargain mold which was smeared but 
otherwise new. Chemical analysis indi¬ 
cated the smears contained about 30% 
tin, corresponding with the composition 
of plumbers' so-called 'common' solder. 

The following table gives a numerical 
picture of what happens to lead-tin mix¬ 
tures as the tin is increased: 


% Tin 

Melting 

Temp, op 

Brinell 

Hordness 

0 

619 

4 

10 

577 

10 

20 

532 

12 

30 

490 

15 

40 

445 

16 

50 

400 

15 

60 

370 

15 

Obviously the greatest gain 

in hardness 

is made between zero and 10% tin. The 
lowered meltiog point from added tin 
offers a strong argument for use of gas 
checks rather than adding tin to increase 
hardness beyond a moderate level. 

The effects 

of antimony 

on melting 

point and hardness arc: 



Melting 

Brinell 

% Antimony 

Temp. 

Hardness 

0 

619 

4 

6 

572 

6 

8 

554 

16 

10 

518 

17 

15 

482 

18 


Again, going beyond S% antimony gives 
very little improvement in hardness. 
This leads to the conclusion that a com¬ 
position of 90% lead, 5% tin, and 5% 
antimony with its Brinell hardness of 
16, is better than any solder-like mix¬ 
ture, The development of type metals 
under engineering controls has produced 
still better alloys. ■ 


Fireplace casting setup. Foreground: stretched-cloth bullet catcher; handling spoons; 
sprue box. Background: (f. to r.) ingot molds; wood mallet to knock mold sprue plate 
around; support for gang mold while pouring; gas furnace; lead pot and dipper. 


Lead Bullets After Jacketed 

Is i/ correct t/iai lead btdlets do not 
shoot occuratefy from a riffe fouled by 
firing jacketed-bullet ammunition? fVould 
not this reduce their practical usefulness? 

Answer: Cast lead-alloy bullets do shoot 
very poorly after jacketed. One experi¬ 
ment by the NRA Technical Staff indicated 
that the cast-bullet target group then may 
be 3 times as large as when fired from a 
clean bore. This eifect is clearly due to 
the hard fouling left by jacketed bullets 
in the rifle bore. 

Whether it is of practical significance is 
another matter. Modern sportsmen can 
hunt big game during only a relatively 
brief open season. The minority who are 
also in position to shoot small game while 
so engaged can make up a suitable re¬ 
duced load with a jacketed bullet. 

Most shooting with either full or re¬ 
duced loads must be done at targets and 
game near home, where bore cleaning is 
readily done. For cast bullets it is neces¬ 
sary only to clean the bore with a bronze 
brush if the rifle has been fired with 
jacketed bullets. It is desirable to clean 
the bore similarly when changing from 
one cast-bullet load to another.—E.H.H. 


Omitting Gas Check 

Can gas-check type bullets he used vi ith~ 
out the gas check hi light loads? 

Answer: Light and medium weight gas- 
check bullets can be used with good results 
without the gas check in light loads. 

They have often proved belter than 
plain-base bullets. The reason appears to 
be the bullet lubricant deposited on the 
exposed gas-check shank by normal lubri¬ 
cating procedures (sec illustration). This 
should be left in place when the bullet is 
seated in the cartridge case. 



Gas-check bullet with gas check omitted 
and bullet lubricant on shank (arrow). 

Good light loads in .30-'06 are 14 grs. 
Hercules 2400 or 15 grs. DuPont TMR 
4227 powder, and a light or medium 
weight gas-check bullet without gas check 
and lubricated as described. The bullet 
may be made of any lead alloy that casts 
well.—E.H.H. 
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Sizing Bullets 

It has been pointed out in The Rifle¬ 
man that sizing cast bullets damages them. 
However, a lubricating and sizing machine 
is always a convenience, and it becomes a 
practical necessity in preparing large quan¬ 
tities of buliets. Is there any these 

requirements can be reconciledT 

Answer; The undesirability of heavily 
sizing bullets has become generally appre¬ 
ciated. Manufacturers of bullet molds now 
supply them to cast bullets much closer to 
the finished size than formerly, especially 
when this point is mentioned in ordering. 
When the bullet is sized only lightly, the 
effect is much less serious. 

In addition, the dies of all sizer- 
lubricators are now made with a tapered 
lead-in to center the bullet base as it 
enters the die, a construction long used by 
some makers. This prevents sizing bullets 
one-sidedly* 

When the 2 improvements are used to¬ 
gether (bullets cast near the correct size, 
and a centering die) the sizer-lubricator 
practically loses its unfavorable feature of 
bullet injury, while retaining all its advan¬ 
tages of speed and convenience* 



Lyman sizer-lubricator die of new con¬ 
struction, sectioned to show slightly 
tapered lead-in (arrow) which centers 
bullet entering die. 

This construction also makes the sizer- 
lubricator more adaptable. When bullets 
cast large in a mold of former manufac¬ 
ture must be used, the centering die sizes 
them with minimum damage. At the other 
extreme, it correctly lubricates bullets 
which are little, if any, larger than the die. 
With some care in adjusting the screw 
pressure on the lubricant, bullets can be 
smoothly lubricated which are as much as 
.002" under die diameter.— 


Shrinkage Voids In Bullets 

Dr* F. W. Mannas book "The Bttllefs 
Flight" illustrates on page 262 a series of 
lead bullets containing blowholes. The im¬ 
plication is that such cavities are usually 
to be found in cast lead buUeiSf impairing 
the shooting accuracy. 

is this correct? 

Answer; While reality of the holes shown 
IS beyond question (see illustration) there 
is no information on how the bullets were 
cast* It is therefore only possible to make 
some comments* 

The holes are shrinkage voids. All lead 
alloys regularly used for casting bullets, 
and this includes type metals, shrink 
slightly in solidifying* Unless the shrink¬ 
ing mass can be fed until solidification is 
complete, a void or 'pipe’ must be left. 

This possibly was accentuated in the 
bullets shown* They evidently were cast 
in poinl-cutolf molds, a type then used in 


making target bullets* With such molds it 
was the practice to cut off the sprue be¬ 
fore it set hard, to avoid bending the hot, 
soft bullet* The caster knocked the sprue 
plate around, often with his bare hand, as 
soon as it could be done without dragging 
too much melted lead across the top of 
the mold. The exceptional shooting at 
least occasionally done with such buHets 
shows that cavities in them were not nec¬ 
essarily a fatal defect. 

The NRA Technical Staff has sectioned 
many cast lead bullets and looked for such 
cavities. Tn bullets up to cal. .38 cast in 
conventional base-cutoff molds with the 
dipper held to the mold several seconds 
and the sprue then allowed to set before 
being cut off, no visible cavities could be 
found. In larger bullets, especially .50’s, 
there was a small, teardrop-shaped cavity 
near the bullet base and rather accurately 
on the bullet axis. So centered, it appeared 
unlikely to have much effect on accuracy* 

Handgun bullets cast by present hand- 
loaders are sometimes defective for an¬ 
other reason. For speed in production, the 
lead dipper is not held to the mold long 
enough to fill it thoroughly. Resulting bul¬ 
lets are often badly holed in an irregular 
manner near the base. Take a little more 
time and fill the mold properly*“-E*H.H. 



Bullets with interns! defects iliustrated 
In 'The Bullet's Flight’' are reproduced 
{At top] Bullet points cut off and wires 
inserted into cavities to show their 
diameters and directions* (Below) Bullets 
split to show cavities^ 

Solidification Shrinkage 

In answering a question. The RIFLEMAN 
stated that all lead alloys used in casting 
bullets shrink in solidifying, including type 
metals. I beliet^e type metal expands in 
setting. Can The Rifleman's be 

correct? 

Answer: It is correct. Type metals con¬ 
tract slightly in solidifying. 

The belief you express is a long-stand¬ 
ing one. It is popularly held to account 
for the sharpness of printing characters. 

In reality, sharpness is obtained by 
fluidity and low surface tension of the 
alloy* These in turn are obtained by the 
carefully developed compositions of the 
various type alloys, process cleanliness, and 
freedom of the alloys from undesirable 
metals, together with correct temperatures 
of alloy and mold* 


Following are solidification shrinkai 
of type metals and their constituents: 

SolittifiGatien Shrinkafe, 


•f 


Type Metal 

Voluinetrio 

Linear 

Electrotype 

2.6 

.87 

Stereotype 

2.0 

.65 

Linotype 

2.0 

.65 

Monotype 

2.0 

.65 

Lead 

3.4 

1.13 

Tin 

2.8 

.90 

Antimony 

1,4 

*47 


1 


The old belief is correct to the exienl 
that shrinkage in type metals is less 
in pure lead and tin-lead alloys. The ksse^ 
shrinkage of type metals is due principa 
to the antimony they contain. In Jf 
Special, bullets east in linotype alloyl 
shrink about .001" less than in a soft leadlL 
alloy. This makes linotype bullets dropjJ 
less freely from the mold, though other')! 
wise they cast easily and well* Thus easejl 
of casting, as well as cheapness, favor tbej 
softer alloy where its performance is ade-j 
quate.—E.H.H. 

Cartridge Space Fillers 

In articles on cast buUetSf The 
man has referred to the use of kapok 
other filler materials in the space bctwcem 
powder at id bullet. Can the Informatiom 
be summarized, with current findings 
loading directions? | 

Answer: Continued investigation by ThbJ 
American Rifleman has made it detfS 
that cartridge space fillers constitute 
an extensive subject. They will iherefoM 
be covered in detail. i 

The first known use of such fillers (no(j( 
wads) in rifie cartridges with smokelesjr 
powder, was recorded in 1905 in S/ioutirt# 
And Fishing, predecessor to The RifimI 
man. The purpose was to protect the basea 
of cast bullets used in the .30-40 Ktafl 
rifle from the hot smokeless powder gasttl 
(the copper gas check had not yet becil 
introduced). The filler was dry Cream dP 
Wheat cereal. It was partly successful, 
once making it possible to shoot accept* 
able scores at 500 and 600 yds. A faialj. 
drawback was increased pressure. In reaHJ 
iiy the pressure was still within allowabJ^l 
limits for that rifle, and case failures es-ij 
perienced were due in large part to the ( 
primitive quality of cartridge brass* Still || 
the pressure increase was quite u n de sir able, 
and when the gas check gave better resulfe jl 
without the pressure, the Cream of Wheat J 
filler was at once dropped. Then thertf 
appears to have been lltlle U. S. aciivitj 
in the subject for many years* 

In the 1930’s, it was the practice at] 
Aberdeen Proving Ground lo insert a tufl| 
of kapok fiber over the powder charge io 
cal* *30 and .50 armor-piercing round! 
loaded for testing light armor plate. The 
rounds were loaded singly to give desired 
velocity, which was measured on every 
round, and it was imporiant to come aa 
close to the desired velocity as possible, 
The kapok filler made velocities far mors 
uniform and reliable, especially in (but 
not limited to) reduced loads, apparentljf' 
by positioning the powder charge ull^^ 
formly. The purpose was thus quite dif 
ferent from that of the earlier Cream ol 
Wheal filler. 
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The Rifleman took up space fillers in 
^ connection with cast-bullet loading, thus 
. returning to the original purpose. The 
^ following were carefully tested: 


I Common 
granular 
I materials 


Lubricants < 


' Synthetics 


Fibers 


Dry Cream of Wheat 
Dry oatmeal 
Dry sawdust, of soft and 
hard woods 

Oily and greasy sawdust 

Graphite 

Mica 

Molybdenum disulfide 
(MoS,) 

Greases of widely varying 
types 

Pol ytetrafl uoroethy lene 
(TFB) resin 

Fkiorinated ethylene propy¬ 
lene (FEP) resin 
Polyethylene resin 

Tissue and other soft papers 

Cotton 

Wool 

Kapok 

Dacron 


Wads were also tried. Wads were used 
in many of the early blackpowder metallic 
cartridges, notably the British .577 Snider 
and J77-.450 Martini-Henry, and the 
Sharps and other American cartridges, 
The combined card and wax wads were 
intended to condition the ride bores for 
ih smooth, paper-patched bullets of those 
iounds. A tough fiber wad is loaded under 
the bullet in British military and sporting 
Cbrdite ammunition, to lessen the bore 
erosion by that propellant. When the .22 
center-fires began to be popular in this 
country, there was considerable interest 
among handloaders in graphited wax wads 
intended to minimize the rapid bore ero¬ 
sion. After long trial these were generally 
(Iropped. 

Wads were unsuccessful in Rifleman 
|] trials also. Wax wads showed remarkably 
little effect under cast bullets. Wads of 
other materials (card, felt, fiber, TFE and 
FEP resins (Teflon) and polyethylene) 
were ineffective when made of a diameter 
(0 fit in the case neck. When made larger 
and pushed into the enlarged powder 
space to give an effective gas seal on enter¬ 
ing the neck, the wads markedly impaired 
the target grouping. 

Among the fillers, different types gave 
astonishingly different results. Dry Cream 
I of Wheat and dry sawdust were very poor. 

' Oily sawdust, on the other hand, markedly 
, improved the grouping consistency and 
made heavier powder charges practicable. 
I( was, however, inconvenient to load. It 
mtroduced the danger of oil seeping into 
the powder charge, and it occasionally 
scratched rifle bores in spite of care taken 
to use only clean sawdust. The solid lubri¬ 
cants (graphite, mica, MoSs, and also 
TFE and FEP) obviously improved rifle 
bore lubrication but almost always en¬ 
larged the target groups. Also they re¬ 
quired loading 2 extra components instead 
of only one, since they had to be sepa¬ 


rated from the powder charge by filler or 
wadding of some kind. 

The fibers gave best results. For a long 
lime the most successful was kapok, one 
use of which has already been mentioned. 
Kapok fiber is extraordinarily light and 
delicate. In this use a suitable quantity is 
gr., loaded loose into the space over 
the powder. It is consumed on firing, ex¬ 
cept in quite light loads, which throw 
some shreds of kapok into the air. Loaded 
as described, it makes the performance 
of cast bullets more consistent and per¬ 
mits increasing powder charges by 10% 
or more with such bullets. 

Polyester fiber 

The Rifleman then tried DuPont Da¬ 
cron polyester fiber for this purpose. 
Dacron of this type is a pure white arti¬ 
ficial fiber, slightly heavier and coarser 
than kapok. Ordnance tests in ammunition 
components show that such polyesters do 
not enter into the powder reaction. Tufts 
of A gr. to 1 gr. weight, loaded as de¬ 
scribed, perform like kapok but in many 
cases more effectively. The weight used 
should be found by trial, starling at Yi gr. 
and increasing until it is seen to be thrown 
from the muzzle, then cutting back until 
this is no longer noticeable. The amount 
varies with the powder charge, heavier 
charges allowing more filler to be used. 
When a satisfactory load has been found, 
trial can then be made to see whether the 
filler makes some powder charge increase 
possible while still giving good results. 

To load, the fiber is simply pushed loose 
into the space above the powder. It should 
be weighed at first, until the user becomes 
practiced in taking the desired amount, 
and then occasionally check weighed dur¬ 
ing loading. 

Kapok and Dacron fiber are sold at re¬ 
tail for stuffing pillows. Sears, Roebuck 
and Co. is one supplier. The cost is low. 

Such fillers would be undesirable if they 
might set fires. Fell and fiber shotgun wads 
have been accused of this. The fiber fill¬ 
ers might do the same in loads which 
throw large shreds from the gun. Correctly 
loaded, however, they produce little visible 
residue and should be less a hazard than 
shotgun wads. 

It is not clear how the light fiber pro¬ 
duces its effect. Apparently it protects the 
bullet during peak pressure of the powder 
gas, incidentally conditioning the bore sur¬ 
face. Tt also prevents, to a considerable 
extent, the shedding of gas checks in flight. 
In light loads the small amount of fiber 
tends to position the powder charge, and 
in heavier loads the larger amount of fiber 
(Dacron should then be used) positions 
the powder charge positively, which is al¬ 
ways an advantage. 

It then becomes a natural question as 
to whether such a filler could be used in 
full loads with jacketed bullets. Position 
of the powder charge in the ,30-’06 car¬ 
tridge has a definite effect on velocity, 
pressure, and height of impact even when 
the air space is as small as 3/16''. Lake 
City Army Ammunition Plant, the current 
manufacturer of Cal. .30 and 7.62 mm. 
Match ammunition, considers that the 


slightly better accuracy of the 7.62 mm. 
M l 18 Match is due to the fact that it has 
no air space, while one is present in the 
.30 M72. 

However, there have been no pressure 
measurements, at least in this country, to 
determine any possible influence in that 
respect. The fiber, light and fragile though 
it is, might have some effect on pow'der 
pressures, or such an effect might be at- 
irrbuted to it in case of trouble from any 
cause. Until pressure measurements have 
been made. Tun Rifleman has no recom¬ 
mendations for the use of fiber fillers with 
jacketed bullets in full loads.—E.H.H. 


Crossing Of Lead Alloys 

The formation of dross on (he melted 
lead is a nuisance in bnifet casting. How 
can it be minimized? 

Answer: Dross consists of oxides pro¬ 
duced when the heated metal is exposed to 
the air. Oxidation is minimized by casting 
at as low a temperature as practicable. 

The figures in the following table arc 
a useful guide. 


Melting Point 

Metal Degrees F. 

Lead 621 

Tin 451 

Antimony 1167 

Lead-tin-antirnony alloys 465 approx. 

Pouring Temperature 
Metal Degrees F. 

Lead-tin-antimany alloys 620-655 * 

Linotype alloy 525-56Q ** 

* Recommended by various authorities. 

** Recommended by a large manufacturer of 
type metals. 


Pouring temperature ihus should be, at 
most, only slightly higher than the melting 
point of pure lead. A trial will show that 
lead drosse.s quite slowly when held only 
slightly above mellirtg point. Much dross- 
ing in practice occurs because the metal 
is too hot. 

Contaminated metal may have to be 
heated above recommended temperature to 
cast sufficiently well. The comparatively 
low pouring temperature for linotype alloy 
in the table is possible only with metal of 
high purity and uniformity. The shooter 
using salvaged metal has little control over 
its quality, but he can at any rate flux 
and skim it well before beginning to cast. 
A clean bullet mold, without burnt oil resi¬ 
due in the cavities, is also necessary. 

After the mold has been brought up to 
temperature and is casting well, the tem¬ 
perature of the molten alloy can be low¬ 
ered. A little experimenting shows how far 
this can be carried in the individual case. 
On the first trial it may be found that 
bullets continue to cast well as the alloy 
becomes cooler and cooler, until unexpect¬ 
edly the metal freezes in the pouring sprue. 
This causes an annoying loss of time while 
the temperature is readjusted. With experi¬ 
ence the caster has no trouble avoiding 
this difficulty.—E.H.H. 
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MAKING ACCURATE .38 HANDLOADS 

A guide for reloading reiiably accurate .38 Special ammunition 

By E. H. HARRISON, NRA Staff 



sumed the leading position over tbci 
volver in 38 Special competiti 
Nevertheless, this iavesligation 
done mainly with the revolver becaft 
its fixed barrel can be held reliably^ 
a machine rest. Also, the revolver | 
sents certain special obstacles to 
munition success in its chamber throj 
larger than barrel groove diameter, ij 
gap between cylinder and barrel, 
its large, roughly reamed cone in m 
end of the barrel. Ammunition suco' 
fully surmounting these difiicull| 
should do well in the easier condilij 
of the semi-automatic chamber andt 
rel. (It is not meant that the m 
automatic is more accurate than then 
volver; the revolver may be the 
accurate.) Check firing was also doi 
with 2 semi-automatic target pisifl' 
one in 38 Special and the other in. 
AMU. 

The revolvers were fired from Plid| 
machine rests, in which the barrdl 
held solidly in a block which slidesj 
the rear in recoil. This type of maclu 
rest was chosen because it is insensilJ 
to small variations in handling, andj 
capable of giving very small taa 
grouping* The ride was fired will 
stock from a 6 -point rest, and the | 
tols from a Broadway rest. The re: 


T he .38 Special is reloaded by more 
shooters than any other cartridge 
except the .30-'06 and the 12-ga. shot- 
shell, according to information gathered 
by The American Rifleman. 

Police departments reload the .38 
Special to extend their training. Clubs 
and individuals reload it to obtain tar¬ 
get ammunition for practice and com¬ 
petition. Not many shooters consider 
they could otherwise afford the quantity 
of ammunition which must be fired to 
reach and retain match proficiency. 

The 38 Special ammunition loaded 
for this purpose is standardized with a 
light powder charge and a “wadcutter’* 
(flat-ended) bullet. The purpose is tar¬ 
get accuracy. 

Indications of failures 

There have been increasing indica¬ 
tions of failure in this purpose. Few 
leading handgun competitors fire re¬ 
loads in important competitions. Re¬ 
ports reach The Rifleman of reloaded 
38 Specials giving yawed impacts, al¬ 
most keyholes, in the target, or produc¬ 
ing much poorer scores than obtained 
on changing to better ammunition. Poor 
ammunition is self-defeating where 
shooting accuracy is required. Its value 
may be questioned even for practice. 

This does not, of course, mean that 
all handloaders obtain such resulU. 
There are individuals and organizations 
who produce excellent 38 Special tar¬ 
get ammunition, and others whose prod- 
uct sufficiently meets the demands made 
on it. But as to reality of the general 
problem, when target scores are counted, 
there appears to be no doubt. 

Few handgun target shooters have a 
reliable idea of their ammunition’s per¬ 
formance. They might get it by firing 
several hundred rounds of factory wad- 
cutter ammunition and their reloads at 
targets under the same conditions, and 
comparing results. This would require 
keeping an accurate record of all scores. 
The comparison would have to be made 
in presence of the shooter’s own target 
dispersion, which may be greater than 
that of the ammunition. Appreciating 
this, not many shooters go through with 
the comparison. 

Rifle handloaders can test their am¬ 
munition with relative strictness by fir¬ 
ing from a rest. Pistol handloaders, 
however, in general are at a serious dis¬ 
advantage in having no equivalent way 


in which they can check their product. 

Some shooters have improved their 
scores by buying custom bullets for 
loading instead of casting the bullets 
themselves. There has been little further 
definite information on the effect of 
components and loading procedures. 

The Rifleman therefore carried out 
a thorough investigation to determine 
the factors in 38 Special target ammu¬ 
nition accuracy, and to establish the 
accuracy level obtainable with hand- 
loads. The findings proved definite 
enough to guide the loading of reliably 
accurate ammunition. 

The principal firing was done from 
2 Smith & Wesson K-38 revolvers and 
a Colt Officers Model revolver. The 
Colt had the small .354'' barrel groove 
diameter which formerly was standard 
in that make. It w'as used because of 
the great number of guns with that 
groove diameter in service, and also to 
obtain an idea of the effect of a barrel 
bore considerably smaller than the cyl¬ 
inder throat diameter. Extensive check 
firing was done in a Winchester single- 
shot rifle with heavy barrel of target 
quality, I 6 V 4 " long* Barrel groove 
diameters in the S&W revolvers and the 
rifle were *357". 

The semi-automatic pistol has as¬ 


Author E. H. Harrison, Senior Technical 
Advisor of THE AMERICAN RIFLEMAN, 
using the Phelps machine rest in testing 
the accuracy of .38 Special loads. 
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are therefore representative to the maxi¬ 
mum possible extent of the ammuni¬ 
tion’s capability. 

The firing was done in indoor test 
ranges at 50 ft., 75 ft., and 50 yds. 
It was found that group sizes at 50 ft, 
and,50 yds. were substantially in pro¬ 
portion to the range, and the final firing 
was carried out at 75 ft (25 yds.). 
Groups were recorded in minutes of 
angle to make them comparable regard¬ 
less of range—the reason rifle groups 
are often reported in that manner. A 
minute of angle is very nearly Vi" at 
50 yds. 

In tests of handgun ammunition the 
groups obtained have often been com¬ 
pared with the regulation target fO-ring, 
and if as small as the 10-ring they have 
been called good. Diameter of the 50- 
yd, target lO-ring is 3.39" or about 6^4 
minutes of angle. In reality, the firer’s 
dispersion in holding and let-off are 
added to the gun and ammunition dis¬ 
persion as given by machine-rest firing 
(just how they are added need not be 
gone into here), and if the firer's group 
is not perfectly centered on the 10-ring 
there is a further loss of score. Conse¬ 
quently, ammunition which groups as 
large as the 10-ring cannot score pos¬ 
sibles except by accident. As will be seen, 
group sizes of 6 minutes of angle (3" at 
50 yds.) are poor. They must be very 
small to be good. 

The test firing comprised approxi¬ 
mately 360 groups of 10 shots each. 
Some of these were fired incident to an 
dnvestigation of half-jacketed bullets, 
but most w^ere fired for this investiga¬ 
tion. Approximately 295 of the groups 
were with handloads, the rest with fac¬ 
tory wadcutter target ammunition fired 
at intervals as control. Gun bores were 
cleaned only after each 50 rounds, since 
it was considered that handgun target 
ammunition used in competition should 
perform that Jong. The number of load 
variations and the great number of ma¬ 
chine-rest groups, all of which were 
accurately recorded, made definite con¬ 
clusions possible. 

Following are the results. They are 
described first by the components tried. 

Primer choice significant 

The Remington No. IV 2 small pistol 
primer was used in most loads. A mag¬ 
num small pistol primer was also tried, 
but the result was nearly a doubling in 
group size. 

Most loads w'ere fired with the widely 
used charge of 2.7 grs. Hercules Bulls- 
eyc powder. Extensive check firing was 
done with Du Pont PB powder, in the 
charge of 3,4 grs. recommended by Du 
Pont for .38 Special target loads. Other 
powders could have been chosen; how¬ 
ever, among powders in this range PB 



Target revolver in Phelps machine rest for test of .38 Special hand loads. ^ 


is about as unlike Buliseye as can be 
obtained. PB measures with outstanding 
smoothness and regularity in this small 
charge. In the outcome, average group 
size with PB was substantially the same 
as with Buliseye. The amount of barrel 
leading with the 2 powders was also 
about the same. 

The revolver load of 2,7 grs. Buliseye 
failed to function the auto pistols when 
held in the rest, making it necessary to 
fire them single shot. The load was 
therefore increased to 2.9 and then 3,0 
grs. in these guns to get functioning. 
The 3.0 gr. load was then check fired 
in a revolver, and gave groups averag¬ 
ing Vi minute of angle larger than the 
2,7 gr. load. It also showed greater 
leading tendency. 

Examination of factory .38 Special 
target ammunition showed powder of 
different types in different ammunition 
lots. Samples from a single lot were less 
uniform in charge weight from round 
to round than is usual in handloading. 

Effect of crimp 

Case mouth crimp was long thought 
necessary to regular ignition and good 
groups. That did not prove true in these 
tests. Changing from heavy crimp to 
light, and to no crimp at all, had no 
detectable effect on grouping. (This 
does not refer to need for crimp in 
heavy revolver loads to hold bullets in 
place during recoil.) It did not even 
matter whether the case was sized or 
not. There was usually enough grease 
friction to hold the bullet in the unsized 
case until some crimp could be applied, 
and the loads still grouped the same. 

This does not state that crimping has 
no effect. Different crimps may (not 
necessarily will) give different centers 
of impact, and if mixed might enlarge 
groups. There is no need for mixing. 


Taken singly, the different degrees of' 
crimp, and no crimp, gave about the 
same target dispersion. 

There was one exception. By selec¬ 
tion among crimping dies it w'as possible 
to form the case mouth fully into the 
rounded crimping groove in the bullet 
(illustration below). This form of crimp, 
with mouth edge turned outward, was 
intended to allow smooth passage of 
the bullet, while the unusual length and 
depth of crimp behind the mouth pro¬ 
vided strong resistance. Ammunition so 
crimped showed a marked tightening of 
the central 5 to 8 shots in each group. 
The remaining shots, however, always 
enlarged the over-all group diameters 
beyond those given by normal crimping. 

Factory .38 Special target ammuni¬ 
tion shows one or 2 case cannelures 
roiled into the bullet (not counting the 
one below the bullet to insure against 
receding). Position of these cannelures 
varies among ammunition lots of differ¬ 
ent dale, even in the same make. Few 
handloaders have any way to indent 
such case cannelures into the bullet 
after loading. If they had, they would 
still be unable to test the effect on tar¬ 
get grouping and make adjustments be¬ 
fore loading the ammunition lot, as the 
factories can do. 

After taking all these points into con- 



Specsally formed heavy crimp (arrow, r.) 
was unsuccessful In improving grouping. 
Standard crimp shown for comparison. 
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sideratioHj the tests were completed 
with moderately resized cases, moder¬ 
ately crimped. This procedure is appli¬ 
cable on normal loading equipment, is 
suitable for reloads in both pistols and 
revolvers* and appears to give grouping 
as good as any. 

Much .38 Special loading is done 
with sets of 3 or even 4 dies* instead 
of the 2 dies which are conventional in 
loading bottle-neck rifle cartridges. Pur¬ 
pose of the additional die in 3-die sets is 
to bell the case mouth as a separate 
operation after sizing; this works the 
mouth less than in belling during sizing* 
and the cases last longer. A 4lh die 
separately crimps after seating the bul¬ 
let, to avoid possibly shaving the bullet 
at that stage. Most loading for the pres¬ 
ent tests was done in 3-die and 4-die 
sets. These are successful in the respec¬ 
tive purposes. There was nothing, how¬ 
ever, to indicate that they load better 
ammunition than a 2-die set correctly 
adjusted. The loads making the smallest 
groups among handloads in these tests 
were assembled on a 2-die set. 

It has often been pointed out that 
cases of variable length result in vari¬ 
able crimping. The condition is most 
likely in cases picked up at random on 
the range, or otherwise mixed. The pres¬ 
ent tests were done with cases bought 
new or left from control firing of fac¬ 
tory ammunition, and kept together 
throughout use. They were found to 
crimp uniformly. 

While most factors in connection with 
the cartridge case thus proved to be of 



Case mouth cracks (arrows) in crimped 
ammunition have very bad effect on 
grouping, and must be inspected for. 


no special importance, this was not true 
for case mouth condition. A small crack 
in the case mouth (illustration below) 
was found to throw the shot out of the 
group, A deviation of 3 to 4 minutes of 
angle appeared to be typical. Such 
cracks probably would have little effect 
if the case mouth were not crimped 
onto the bullet. Since crimping is usual, 
the cracks are serious. 

Bullet is most important 

We come now to the bullet, the only 
remaining component. These tests 
showed the bullet to be by far the most 
important factor in .38 Special target 
ammunition accuracy. 

The following bullets were tried (see 
illustration on page 37). 

a. Hensley i Gihbs No. 50 BB. A 
wadcutter bullet of form which has be¬ 
come usual in revolver target bullets. 
The 50 BB has, however, a markedly 
beveled base edge, intended to simplify 
starting the bullet into the case mouth 
during loading. This and the 2 other 
cast bullet types tried (listed below) 
were cast in Hensley & Gibbs (H&G) 
gang molds bought new for these tests, 
in separate sizes for .357'" and .354'" 
barrel groove diameters. These high 
quality, beautifully working molds were 
valuable both in quantity production of 
bullets and in obtaining consistent test 
results. 

b. Hensley dS: Gihhs No, 50. The 
same design without base bevel, the base 
edge coming to substantially a sharp 
edge in the conventional way, 

C. Hensley & Gibbs No. 73. Body 
with sharp leading edge for wadcutter 
effect, and long conical nose with flat 
end. Essentially same form as the simi¬ 
lar revolver bullet used by handloaders 
for field shooting. 

d. Custom target wadcutter. Machine- 
swaged (not cast) bullet of substan¬ 
tially same form as H&G 50 BB, of a 
leading make. Sold lubricated ready for 
loading. 

e* Custom hollow-base target wadcut¬ 
ter. Machine-swaged (not cast) bullet 
of the same make, of somewhat similar 
form, but with large base cavity like 
that of bullet in factory target cartridge. 
Sold lubricated ready for loading. 

f. Remington No. 22850 factory hol¬ 
low-base target wadcutter. Machine- 
swaged bullet used in Remington .38 
Special target ammunition. Sold lubri¬ 
cated ready for loading. 

All these bullets are of nominal 145 
to 148 grs, weight. 

The H&G No, 73 long-pointed bullet 
can be disposed of first, as being not 
normally considered suitable for com¬ 
petition with the target wadcutters. Re¬ 
sults of the present tests confirmed 
that view. Groups were about one min¬ 


facl 


ute of angle larger than those obt; 
with H&G No. 50 BB. Note ihal^] 
comparison relates to ammunitioa 
competitive target shooting. The N< 1 < 
would be preferable for field sb 
at higher velocity. 

The H&G No. 50 BB gave best! 
suits among the cast bullets tried ()( 
rectly made and loaded, it average^j 
over 3,5 minutes of angle in the 10- 
groups fired in all this testing. 

The H&G No, 50 grouped ab 
well. It was, however, less con 
to load, and also leaded the barrel 
more than No. 50 BB, 

The custom wadcutter bullet of 
form gave 2.5 to 7.9 minutes of 
in individual J 0-shot groups, avei 
5.1 minutes. This bullet was loaded 
the same equipment and care as 
other bullets and machine-rest firdj 
the same way. Its comparatively 
and variable grouping thus had to 
considered the measure of its ti 
quality. (These and all other gi 
diameters given in this article refeij 
groups made by the target revol 

The custom hollow-base target 
cutter also gave variable results, 
a few of its groups were under 4 
utes of angle, others were over 6 
utes, and the average was 4.8 mini 

The Remington No. 22850 
hollow-base wadcutter bullet, in %l\ 
contrast* averaged between 2.5 and 
minutes of angle. Some details of 
performance arc examined later in 
article. 

Remington and Winchester-Wi 
factory .38 Special target ammumi 
were fired at intervals, as control, 
groups averaged within 2.5 minuti 
angle. Also, while an occasional 
with the H&G No. 50 BB was 
uniform from group to group, the 
tory ammunition performed most 
formly in the long run. The factorf 
Special target ammitnition is the 
ard against which handloads 
judged. 

Within the ranking of bullet ly 
resulting from these tests, it is useMi 
consider the procedures found neci 
for best grouping. 

Best loading procedures 

The bad effect of case mouth cn 
shows clearly that cases should be i 
vidually inspected at every loadl( 
Mouth cracks can appear during' 
final crimping; hence if the insped 
is made on the empty cases before 1 
ing, the finished ammunition still 
contain cracks. It is therefore besH 
inspect for this defect after loadiq 
Only a few rounds are lost in this way- 
any more would call for scrapping li 
entire lot of cases. 

Only linotype alloy is adequate 1 
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Bullets used in hand loads in these tests, (L to r,) H&G No. 50 
H&G No. 50, No. 73, custom target wad cutter, custom hollow- 

base target wadcutter, Remington No. 22850 hollow-base target wadcutter. 


best grouping. Since some handloaders 
jtill use traditional compositions of bul¬ 
let alloys, and very many use salvaged 
meial, the tests included an alloy softer 
than linotype for comparison. A Brinell 
of 10 (about half as hard as linotype) 
was chosen, since this is the hardness 
of the Mo-20 tin-lead mixture long 
feconunended for bullets of this kind, 
and also might roughly represent recov¬ 
ered bullets and other salvage. Groups 
averaged about one minute of angle 
larger than with linotype metal, and 
their uniformity was poorer 

Effect of bullet lubricant 

The Rifleman has pointed out 
fBullet Lubricants’’, July !965, and 
other articles) that the bullet lubricant 
used has a strong effect on shooting 
accuracy. The effect, as expected, 
jjroved to be less marked in the short, 
wide bores of handguns, which give less 
opportunity than in rides for bore con- 
didomng to influence the bullet. Never¬ 
theless, the effect still exists. Some 
lubricants tried, though satisfactorily 
preventing leading, increased group 
diameters by more than 50%. Attention 
was therefore concentrated on a few 
lubricants which were found to deliver 
good groups. 

Bullet lubricant in the final tests was 
applied with either a Schuetzen lubri- 
aling pump, leaving the bullet unsized; 
or with a SAECO Lubrisizer, reducing 
the diameter by ,0005'' to .OOTL There 
was no distinguishable difference in the 
grouping. The finely made, accurately 
aligned SAECO Lubrisizer, with its 
smooth dies incorporating the correct 
tapered mouth to center the bullet base 
entering the die, was largely responsible 
for the success of bullets lubricated in 
Ibis manner. 

While the lubricant chosen has a very 
marked effect, bullet lubrication itself 

I k a necessary evil. These tests showed 

II conclusively that the less lubricant used, 
[f the better the grouping. The limitation 
1 on this is, of course, the disastrous lead 
I fouling which appears when lubrication 

I is reduced too far. Lubricants, other- 
[ wise good, differ in the quantity that 
I must be used. 


Lyman and SAECO bullet lubricants, 
applied in all 3 grease grooves of the 
cast bullet, produced the full accuracy 
of which the load appeared capable. 
Leaving them out of one or 2 grooves 
resulted in excessive barrel and cylinder 
leading after 2 or 3 groups. The Alox- 
beeswax lubricant described in The 
Rifleman article gave equally good 
accuracy, and no undue leading, when 
used in only one bullet groove and the 
other grooves left dry. It can be used 
in all 3 grooves if extra lubrication is 
desired, though target groups are some¬ 
what enlarged. In that case it provides 
so much lubrication that after 50 rounds 
the revolver muzzle is covered with 
grease. Advantages of the Alox lubri¬ 
cant in .38 Special loads are thus lim¬ 
ited to use of less lubricant, giving con¬ 
venient handling of the greased bullet 
and less smoke in indoor ranges; or 
much greater lubrication if desired, with 
enlargement of groups. These advan¬ 
tages, while real, are less decisive than 
this lubricant possesses in cast-bullet 
rifle loads, in which it is superior in 
all circumstances. 

A final point in connection with lubri¬ 
cation IS its effect on the factory bullet. 

Lubricant applied 

The Remington hollow-base wadcut- 
ter target bullet, as supplied, has so little 
lubricant on it that at first sight there 
appears to be none. The bullets seem 
merely to have been tumbled in some 
solid lubricant leaving a trace on or in 
the surface. To prevent possible lead 
fouling of the test gun the first loadings 
of the factory bullet were done with 
Alox bullet lubricant applied in 2 of 
the bullet grooves, all of which ap- 
peared empty. Groups averaged about 
3.5 minutes diameter. Grease on the 
revolver muzzle indicated much more 
lubrication than necessary. The bullet 
was then loaded with Alox lubricant in 
only one groove; the result was 3-min¬ 
ute groups and still a quantity of grease 
on the muzzle. Eventually the bullet 
was loaded simply as received. In that 
condition it grouped only a little larger 
than the 2.5 minutes of the factory 
ammunition, and with no more bore 


leading than from best loads of cast and 
custom bullets. 

During the experimentation it was 
observed that this bullet with Alox lubri¬ 
cant added, even in only one groove, 
left no leading at all in the revolver 
barrel cone. This was the only bullet 
and manner of loading which left no 
leading at all (even the excessive lubri¬ 
cation provided by Alox lubricant in all 
grooves of the No. 50 BB cast bullet 
did not completely prevent it). 

At this point we leave the tests, and 
turn to use of the information as di¬ 
rectly as possible for the hand loader. 

It is absolutely necessary not to 
assume that such excellent results will 
automatically follow from hancUoadmg. 
Ail available indications arc that .38 
Special target handloads vary in prac¬ 
tice from very good to highly unsatis¬ 
factory. Only reasonable care was taken 
with the handloads in these tests. Why 
then do not all hand loads perform w'ell? 

The primer is not to blame. The 
standard small pistol primer appeared 
consistent throughout these tests, and 
evidently compatible with the target 
powder charge. 

The powder is not to blame. Two 
quite different powders performed well 
in these tests. Powders of various types 
have been used by the factories in .38 
Special target ammunition, and round* 
to-roLind uniformity of the powder 
charges is only fair at best; yet the fac¬ 
tory ammunition shoots with superior 
accuracy. 

The cartridge case does not appear 
basically to blame. Irregular crimping 
admittedly is undesirable in principle, 
though crimped and uncrimped rounds 
shot into the same group in one of the 
tests. Case mouth cracks do have a very 
bad effect, as already explained. It seems 
unlikely* however, that reasonably care¬ 
ful handloaders would load cases show^- 
ing widespread cracking, which would 
be necessary to produce a generalized 
condition of poor grouping. 

The home-cast bullet is without any 
doubt the main cause of poor perform¬ 
ance. Some handloaders have found 
this out for themselves, when a change 
to purchased bullets brought immediate 
improvement in scores. 
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That points to a simple solution- 
buy the bullets for loading. A still sim¬ 
pler one is to buy the factory ammuni¬ 
tion, thus obtaining best possible results 
and skipping all the trouble of hand¬ 
loading. However, comparatively few 
users, either individuals or organiza¬ 
tions, consider they can afford the cost 
of this solution for the quantity of am¬ 
munition they wish to fire, or need to 
fire for proficiency* 

Cost comparison 


Since 

cost is 

an unavoidable consid- 

eration. 

a rational choice among melh- 

ods includes comparison of 

their costs. 

These are for 

1000 rounds. 



Factory 

Haiidloails, 

Handloads, 


Ammuni' 

. Bullets 

Bullets 


tion 

Bought 

Cast 

Cases 

_ _ 

$ 4.40 

$ 4.40 

Primers 

— 

8.00 

8*00 

Powder 

— 

1.70 

1*70 

Bullets 

— 

28.00 

4.40 


$101.00 

$42.10 

$18.50 


Components costs are approximate; for 
cases and bullet metal they are fre¬ 
quently less than those shown. Loading 
tools are assumed to have been paid off. 

These figures provide a clear-cut 
comparison* Many shooters are also 
interested in handloading for its own 
sake, including making their bullets. 

The problem, then, is to find and 
eliminate the causes of poor bullets. 

Unlike the investigation up to this 
point, which produced firm information 
from specific tests, there are obvious 
difficulties in reaching conclusions about 


the product of many individual hand- 
loaders. Still, the available information 
points to the following 3 factors as 
controlling: 

1 * Bullet casting. 

2. Bullet sizing, including the dies 
used. 

3. Bullet lubricants. 

The short, fat handgun bullets cast 
easily. A glance at the bullets produced 
shows whether they are filling out 
cleanly in the mold. Any trouble in 
this respect is normally soon corrected 
as the mold gets up to temperature, 
aided if necessary by cleaning the mold* 
But even when it appears acceptably 
filled out, a bullet may be partly hol¬ 
low, The illustration shows cavities pro¬ 
duced by not allowing time for the mold 
to fill completely and the sprue to so¬ 
lidify, before knocking the sprue plate 
around. 

Undesirable as such cavities are, much 
worse ones can occur. These may be 
very large (described as sometimes large 
enough to contain a small pistol primer) 
and may be in any part of the bullet 
base, even near the edge. The unbalanc¬ 
ing effect obviously is severe. The cav¬ 
ity may be covered by a thin layer of 
metal, so that the bullet looks solid; 
or instead of one Iargc hole there may 
be a honeycombed condition. 

Defects of this type were described, 
with illustrations, in the article “Cast 
Bullets And Fliers” (The Rifleman, 
February 1957). They were attributed 
to bullet metal not hot enough, to an 
un vented spout on the bottom-feed 
electric pot used with a single-cavity 
bullet mold {not a gang mold with its 




Poorly cast bullets with base defecU^- 
Bullets with defects such as these af>i| 
pear to be often cast and loaded. 

I 

open-trough sprue plate), and to a-1 
cessive speed in casting without insped-^|| 
ing the product. m 

Cast bullets cannot be perfectly unt-tf 
form. The following summarizes thfip 
weights of 30 linotype bullets cast inaf 
4-cavity Hensley & Gibbs No. 50 P’’ 
gang mold, compared with the sar 
number of Remington No. 22850 hol"|| 
low-base wadcutter bullets. The cast bi 
lets were well cast and then given onlsj 
a rapid visual inspection. The Reming 
ton bullets, taken from a single bod 
were boiled in detergent solution m 
fore weighing to remove the lubricai 
which might be a cause of variatb 
(boiling did not seem to affect the lubr 
cant much). Weights were obtained Offl 
a laboratory balance and recorded tflj 
the nearest .01 gr. 


Accurized M1911 pistol of cal. .38 AMU in Broadway machine rest. Light and heavy 
return springs at front provide choice depending on recoil. 


Aver¬ 

age 

Light¬ 

est 

Heav¬ 

iest 

Spread 

tlM' 

136*13 

147.82 

135.24 

147,47 

136,77 

148.07 
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* A measure of dispersion which takes each W 
vidual vatue irvto account, and thus gives more 
formation than merely the spread between hi|tial 
and lowest values. !t is included here for u^e I9| 
statisticians who may desire it* 

The factory wadcutter, with a man 
mum spread of only .6 gr. in 30 samplj 
bullets, proved to be highly uniforr" 
It is comparable in this respect with ci 
.30 Match bullets of the large custoi 
bullet manufacturers, and bullets of m 
*30-^06 and 7.62 mm. National MatT 
ammunition. Such uniformity in qu^ 
tily production is possible only will 
heavy bullet-making machinery, exp“*^ 
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[ iy operated, and Remington is to be 
L complimented on such a product. 

[ Even though extremely uniform, this 
I fectory wadcutter bullet groups in 
I about IVi minutes of angle instead of 
I the 1 minute or less of cal. .30 Match 
1 bullets. Evidently, other factors are de- 
I trisive in determining the size of tar- 
I get groups. Reasons for grouping superi- 
[ ority of the factory bullet will be inves- 
I tigated later. 

I The cast wadcutter showed a weight 
w spread of 1.5 grs. in 30 bullets, or about 
f 21^ times the factory spread. It appears 
I the diflference is due mainly to a smalt 
I variation among the cavities of the gang 
[ mold, since staff experience with single- 
I cavity molds indicates a weight spread 
I of about Vi gr. in weh-cast bullets of 
[ both rifle and pistol types. This is about 
I the same uniformity as in factory wad- 
I Cutters and caL ,30 jacketed Match 
I bullets. 

Cast vs. swaged bullets 

It has at times been stated that 
swaged bullets, being free of internal 
L voids, must shoot better than cast biil- 
r lets. The statement, made without proof, 
I appears to be based on a belief that it 
should be true. Here it is sufficient to 
note that the cast bullets in these tests 
I’jerformed excellently, grouping only 
slightly larger than the factory bullet, 

I while the custom swaged bullets did 
I comparatively poorly, 
r The answer, as to cast bullets, is 
found in the words “we 11-cast bullets” 
used above. It is absolutely necessary 
to give the mold time to fill Then 
I weighing a few bullets verifies that 
I there is no other condition causing non- 
^ uniformity. Such check weighing need 
be done only until the casting procedure 
, h established. Production is obtained 
I not by hurriedly casting poor bullets 
' in a one- or 2-cavity mold, which can¬ 
not give quantity in any case, but by 
tisiDg a gang mold. Ten-cavity molds 
are available, giving real quantity. Even 
a 4-cavity gang mold turns out with 
ease all the bullets an individual will 
wish to shoot. 

The bench sizer-lubricator is a de¬ 
cided convenience in preparing even a 
few^ bullets. In production it is an un- 
fcgiiestioned necessity, 

* Two past practices were damaging- 
casting bullets too large and then heav¬ 
ily sizing them, in the hope of im¬ 
proving poor bullets, and doing the siz¬ 
ing in dies which deform the bullets 
t^ccenlrically (see illustration above). 
The present, correct practice is to cast 
bullets only very slightly above finished 
diameter, and to use lubricator dies 
with a conical mouth which centers the 
bullet for the small amount of sizing 
done, 


Many poorly dimensioned molds and 
sizers are still in existence. The owner 
can readily replace the dies, which are 
comparatively inexpensive, with dies 
of the centering type which at least 
minimize the disadvantage of starting 
w'ith excessively large bullets. 

The final factor in performance is 
the bullet lubricant. The lubricant must 
work satisfactorily through the sizer- 
lubricator and then remain in place 
until the bullet is put into the cartridge 
case. It is easy to produce a lubricant 
which does that. It is much harder to 
provide the bore-conditioning action 
which makes bullets group well. This 
is true even though handgun require¬ 
ments are not so difficult to meet as 
those of riiles. Lyman, SAECO, and 
Alox-beeswax bullet lubricants gave 
about equal grouping in these .38 Spe¬ 
cial target loads. 

Some others were much less success¬ 
ful. The Alox lubricant has the ad¬ 
vantages of use in only one groove on 
the bullet instead of all 3 grooves, and 
of preventing all revolver bore leading 
when added to one groove of the fac¬ 
tory wadcutter. 

Comparatively little has been said in 
all the foregoing about swaged target 
wadcutters from the custom bullet man¬ 
ufacturers. The solid and hollow-base 
custom wadcutters, of a single make, 
tried in these tests, did not perform 
nearly so well as factory and cast tar¬ 
get bullets. The custom manufacturer 
has changed the design of both bullets 
since the time of the tests. The products 
of other makers are, of course, differ¬ 
ent also. It would, therefore, be wrong 
to take the present results as unfavora¬ 
ble to custom .38 Special target bullets 
in general Leading bullet makers pro¬ 
vide superior jacketed target bullets for 
rifles, and certainly can be expected to 
develop correspondingly good .38 Spe¬ 
cial bullets. But since the bullets differ 
from maker to maker, their perform¬ 
ance can be known only by adequate 
test of each make and production style. 
Test of rifle bullets is readily within 
the ability of a good rifle shot. It is 
not within the capability of most pis¬ 
tol shooters, and this greatly limits 
their ability to select accurate target 
ammunition. 

Prices of the factory wadcutter bul¬ 
lets and most of the custom bullets are 
the same. 

Findings summarized 

This completes the account. Because 
of its length, necessary for reasonable 
completeness, the most important points 
are summarized: 

1. The ammunition’s target spread is 
added to that of the shooter. Thus there 
is no given ammunition dispersion (10- 



BulJet (r.) damaged by sizing down ,004"' 
in a die of non-centering shoulder type. 
Shown with bullet correctly sized down 
V 2 of .00r' incident to lubricating, in die 
of centering type. 

ring diameter, X-ring diameter, or any 
other) which is as small as desirable; 
it can only be desired that the ammuni¬ 
tion have no dispersion. 

2. The factory target wadcutter am¬ 
munition proved best, showing itself ca¬ 
pable in high-grade target revolvers of 
averaging IVi minutes of angle in 10- 
shot groups, or IVa*' at 50 yds. 

3. Handloads made up W'ith the fac¬ 
tory wadcutter bullet were very nearly 
as good. Factory bullets are sold for 
handloading at the same price as most 
custom bullets, 

4. Hand loads made up with correctly 
prepared wadcutter cast bullets aver¬ 
aged within 31^2 minutes of angle in 
10-shot groups, or 114" at 50 yds. 

5. Hand loads made up with solid and 
hollow-base wadcutter custom bullets, 
of designs being produced at that time 
by a large manufacturer, averaged con¬ 
siderably larger groups. 

6* Cartridge case, primer, powder 
charge, and crimp, so long as suitable 
for the load and assembled with reason¬ 
able care, have little effect on the group¬ 
ing of .38 Special target handloads. 
The bullet is the decisive component, 

7. Successful cast bullets must be: 

a. Weil cast, allowing the mold 
to fill completely; and made of 
metal which is sufficiently hard 
and strong. 

b* Sized only lightly, in a die 
that centers the bullet: or not 
sized. A correctly made die makes 
best use of an oversize bullet. 

c. Lubricated with a bullet lu¬ 
bricant which conditions the bore 
for close grouping. 

This investigation was directed en¬ 
tirely to fundamentals. It may still be 
possible, by refinements, to equal or 
perhaps even surpass the factory am¬ 
munition and bullet, ■ 
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Antimonial Lead 

A commercial metal called antimonial 
lead is compaiatively inexpensive. Just 
what is this form of lead? Is it good for 
casting ballets? 

Answer: Antimoniai Jead is the designa¬ 
tion of lead alloyed with anumony by the 
manufacturer. It is made for uses in which 
pure lead is too soft and weak* The pro¬ 
portion of antimony, while not fixed, is 
often about 6%. 

Antimony adds greatly to the hardness 
and strength of lead alloys. It also in¬ 
creases their fluidity when melted, and so 
improves their casting qualities* 

Antimonial lead casts well, and makes 
very good bullets. 

The metal can be improved by adding 
a small amount of tin if desired. Tin fur¬ 
ther increases fluidity of the molten alloy, 
and improves toughness. Its hardening 
effect is limited. Excessive tin causes loss 
of strength under only moderate heating, 
with early failure of the bullet. From 
2V2%-4% of tin is most useful in cast 
bullets,™E,H.H* 
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Cast Bullet Liabilities 

Miami, Fla. 

Editor: 

Recent articles in The American Rifle¬ 
man show that cast-bullet reloads can com¬ 
pare favorably with factory ammunition. 
A stipulation, always repeated, is that care 
be used in making the bullets to insure the 
quality and uniformity needed for reliable 
accuracy* This requirement can be met if 
the loader is willing and able to devote the 
extra time and effort. 

For most shooters reloading is a means 
to an end, and is usually not enjoyed. 
When time is limited, there will be a natu¬ 
ral tendency to rush or inadequately per¬ 
form the distasteful tasks. Although most 
parts of reloading require only a moderate 
amount of care to obtain good results, 
bullet casting requires full attention and 
care at all times, and this hot, tedious proc¬ 
ess will be one of the first to suffer when 
a shooter is faced with the necessity of 
rationing his time. When it is necessary to 
produce large quantities of ammunition, 
laxity often becomes the rule. The results 
will eventually show up at the range. 

Our club was using cast bullet loads 
in our .38 revolvers with fair results. We 
never bench-rest tested our loads, but 
generally good scores at our matches con¬ 
vinced us that our ammunition was of 
adequate quality* True, we had fliers, but 
we attributed them to jerking, flinching, 
etc. Even keyholes far from the center 
were explained away by a theory that while 
the heel of the bullet was still in the muz¬ 
zle, a delayed jerk or other movement 
occurred imparting to the bullet an end- 
over-end motion. Rationalizations were 
directed away from the ammunition, since 
one of the great folk tales of shooting is 
that handloaded ammunition is, by defini- 
lion, the most accurate. 

One day we had been practicing at 25 
yds. with good results, and decided to try 
our skill at 50* Our 50-yd groups resem¬ 
bled buckshot patterns. Ten-shot groups 


averaged only 2 or 3 in the black, with 
usually at least one completely outside the 
scoring rings. There was a high percentage 
of elongated and profile entries* 

It was just by chance that an extraor¬ 
dinarily high number of the cartridges hap¬ 
pened to be of inferior quality. The com¬ 
ponents used were of the same lots which 
had been used in the manufacture of suc¬ 
cessful ammunition. This includes the cast 
bullets which had been made in very large 
lots and visually inspected, and seemed to 
be uniform and in good condition. Be¬ 
cause of the large quantities of bullets and 
the time involved, we did not feel it would 
be feasible to make a check by weight* For 
the most part, our ammunition delivered 
good accuracy and enabled us to establish 
a good competiiion record. We therefore 
felt that reasonable care had been taken in 
manufacture of the cast bullets and assem¬ 
bling the loaded cartridges. 

On that day we were fortunate to have 
a different ammunition to use as a con¬ 
trol. Because we had been finding it diffi¬ 
cult to devote the needed time to bullet 
casting, we purchased a quantity of the 
bullets which leading manufacturers make 
available as components to handloaders, 
and we had taken along several boxes of 
ammunition loaded with these bullets. The 
accuracy was excellent, showing that it had 
been the ammunition, and in particular the 
cast bullets, which had been at fault. 


Factory bullets used 

Therefore we discontinued the use of 
cast bullets in our .38 Special shooting and 
used factory bullets exclusively. The cost 
was higher, but it is a waste of money 
to invest in match entry fees and then 
shoot with inferior ammunition. 

W'e do not condemn cast bullet reloads* 
For years we had had good performance 
with carefully assembled loads. But ob¬ 
taining these good results required many 
hours of meticulous casting, inspecting, 
sorting, and rejecting. For those who have 
the desire, time, and patience to produce 
well made cast bullets, the results will be 
outstanding accuracy and a great feeling 
of satisfaction. But for those who do not 
have a consuming interest in the art of 
hand loading, and view it only as a means 
of obtaining economical shooting, the use 
of precise, factory manufactured bullets 
is recommended. 

We have very little experience with cast 
bullets in handgun calibers other than .38 
Special, or in rifles, but w'e assume that 
all weapons react in the same way to in¬ 
adequately prepared ammunition. 

George A. Skokan 


Salvaged Type Metal 

Linotype metal iv/;/c’// I bought at a 
saap-metals yard was faitnd to make 
beaniiftd hnilets. However, test on a 
sample of the ntetai (procedure given in 
*'Measnnng The Htfrdness Of Cast Buliets% 
in the NRA IJIusirated Reloading Hand¬ 
book) showed a Brine 11 hardness of only 
75, instead of the 20 or 22 of new ii no type 


alloy. Di>es this ntean the metal 
type alloy? Is it any less useful 
hiiilets? 

Answer; The hardness indicates li 
type metal with a considerable admiH 
of a softer type metal, such as electrot 
There probably is no other coniaminai 
The superior casting qualities you meit 
could not have been retained if comi 
scrap lead had been added. 

The metal will do very well as a 
paraiiveiy hard alloy for many bull 
This includes .38 Special target bulk; 
important use. It would not suffl 
heavy cast-bullet loads in rifles, whicl 
quire the maximum hardness and stretij 
The metal could be used in such loacki 
decreasing the powder charge 10 or IJ! 

The importance of salvaged meti 
cast-bullet hand loading is not to be 
Accepting it by name only, however, 
result in getting something less than 
peeled. A hardness test reveals vvhetl 
is up to requirements.—E.H.H. 
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Testing Reduced Loads 

Greenville, Tent 

Editor: 

The testing of full-power rifle lead! 
done with an accurate rifle and 
generally from bench rest. In testing; 
duced loads, the average good prone s 
obtains much more representative re; 
by firing prone with sling. 

A case in point is the diffrculty in: 
taining meaningful information by 
a .22 match rifle from the bench, Pn 
cally every smallbore match shoo 
know determines the status of his 
ment and ammunition by prone sho 

The reason is obvious* Slow loads 1 
much longer barrel time than fast 
and the effect of any displacement 
the bullet is still in the barrel is Snen 
hence it is a much greater problem 
control the gun uniformly. 

I suspect many accurate reduced ]o% 
are erroneously evaluated, whereasji 
cause is in actuality poor shooting* T 

Eric Hnt 
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Cast Bullets in Rifle Loads 

Laurel, Mil 

Editor: 

I have been shooting cast bulled 
the Alox bullet lubricant described 
article ''Bullet Lubricants" (Rifli 
July, 1965), with gratifying results, 

The loads in the table on the fotli 
page have been used. 

All these are gas-check bullets* and 
were loaded with Hornady and l! 
gas checks* The kapok filler is a 
tuft of kapok fiber inserted loose ii’ 
space over the powder. Alox lubrkailt 
used throughout. 

The .30-^06 load with No. 311316 
is the best squirrel load I have ever 
Little meat is damaged* I have bred 
4 rifles and it shoots well in all of tl 
I felt rather smug about the 
with this load using a lOX scope urlj 
friend equaled it with peep sight, and 



5K 


CAST BULLETS 












Lyman BuUet 


Pawder 

KapoK 

Best 5- 

Rifle 

No* 

Wt*, grs. 

Metal 

Charge 

Filler 

Shot Group 

,30-'06 

311291 

174 

hard 

37^ 4831 

No 

W at 100 yds* 

WQS 

311316 

116 * 

(wheel 

[weights 

SY 2 Unique 

Ves 

at 25 yds* 

243 Win* 

245496 

80 

hard 

8 Unique 

No 

*Va" at 25 yds. 

22-.250 

225415 

50 

hard 

10 4198 

Yes 

W at 25 yds. 


*3-shQt group. 


)k filler in the load* 1 do feet that the 
kapok is necessary for consistency* 

The .30-m load of 37Vz grs* IMR 4831, 
! however, does better without a filler. 
There is something about shooting cast 
' bullets that arouses my interest—maybe it 
, is Ihe challenge, or maybe the economy 
appealing to my Scottish ancestry* In my 
' Shooting the Alox lubricant has meant the 
I difference between occasionally acceptable 
groups and consistent week-after-week tight 
I groups that can be counted on. 

Ed Breland 


f Plain-Base Cast Bullets 

/ gei fantasi/cal/y poor shooting wtfh a 
I'^ti'basc cost buUet in 30-06 even ajier 
[J/yifijf jevcm/ powders, though results with 
Yias^heck bullets ore very good. The bul- 
h mold manufacturer considers the but- 
I If/ in question to be very accurate and 
reliable in oil JO calibers up to 200 yds. 
WitQt is the fea.ron for this discrepancy? 

Answer: Quite unlike gas-check bullets, 
d. JO plain-base bullets are satisfactory 
in only a few light loads, giving at most 
ihe velocity of the .32-40 blackpowder car- 
Iridge. Best loads in .30-’06 are 13 to 14 
grs. No. 2400, or 14 to 15 grs. IMR 4227 
, powder. These should shoot well from the 
L'beginning, and can be improved by slight 
'l^idjustment based on trial. 

The above powders are the most suitable 
I among those now available, because they 
ire of the coated type and consequently 
give somewhat lower flame temperatures 
I at beginning of burning. Two other re- 
^^ted-load powders. Unique and the for- 
: mer SR 4759, are uncoated and therefore 
less suited to the requirements of a plain- 
I base ballet, though they are most excel- 
I lent powders for other purposes. 

Again unlike gas-check bullets, the 
I plain-base bullet may leave lead fouling in 



Cast bullets for loading without gas 
check, {a*} Lyman U311241 (plain base), 
(L) U3n291, and (c*) U311466. Lubri¬ 
cant in multiple grooves of U311466 
allows It to withstand heavier loading* 


the rifle bore even from correct loads. The 
fouling can be minimized by loading gr. 
of kapok fiber loosely under the bullet. In 
any case it should not interfere with 
grouping for 20 to 30 shots, then is readily 
removed with a brass bore brush. Alter¬ 
natively, one or 2 jacketed bullets fired 
through the barrel followed by a light 
brushing remove any leading at once. 

It is absolutely necessary to use a high 
quality bullet lubricant. 

In buying a bullet mold for light loads 
of this kind, one might well choose a gas- 
check bullet* It can be used without a gas- 
check in the same loads as the plain-base 
bullet. If sides of the gas-check shank are 
left covered with bullet lubricant, it gives 
better results than the plain-base. Then 
the user has also the added adaptability 
of the gas check when desired.—E.H.H. 


Cleaning Lead From Mold 

How can i remove a lead deposit aow 
smeared across the top of my bullet mold? 
This deposit affects the bases of bullets 
cost in the mold. 

Answer: When such a deposit appears 
during casting, at once touch a piece of 
wax to the deposit, pour bullet metal over 
the spot, and wipe with a coarse cloth. 
Repeat several times. Keep the mold up 
to casting temperature while doing this. 

Note that there will be an equal or 
greater deposit on the underside of the 
sprue plate which, if not removed, will 
cause the mold deposit to re-appear* 

Brass wire gauze or a brass suede leather 
brush (not steel in any form) can usefully 
be employed instead of cloth for w^iping* 

Any remaining deposit should be com¬ 
pletely removed after casting is completed, 
or it will recur at next use. As soon as 
the mold is cold, cover the leaded surface 
generously with mercurial ointment (so- 
called blue ointment) and allow to stand 
as long as possible. The mercury in the 
preparation amalgamates with lead and 
tin of the deposit, softening it enough to 
allow relatively easy removal. It may have 
to stand 2 weeks or longer to produce 
much effect. Reapply if necessary. The 
ointment is a preservative of iron and can 
be left on as long as required. If any gets 
into the mold cavities, remove with ace¬ 
tone or denatured alcohol (not petroleum 
solvent) before next use, to prevent inter¬ 
ference with casting. 

The sprue plate can be cleaned sepa¬ 
rately by means not safely applicable lo 
the mold blocks. Remove the plate, and 
rub it on fine abrasive cloth laid over a 
glass sheet or other smooth flat surface. 
Continue until all the lead is removed, 
then preserve against rusting since the 
original oxide layer will also have been 


removed (sufficient oxide will again appear 
at next use, even though invisible). The 
plate also could be healed enough for 
most of the lead to be readily wiped off, 
with precautions against warping; but such 
treatment should not be necessary. 

Lead deposit on mold and sprue plate 
is thus a nuisance which is best avoided. 
Il is caused by knocking the plate around 
before the sprue has set fully. This hap¬ 
pens through either (a) trying to cast loo 
fast, or (b) allowing mold and plate to 
become too hot, requiring excessive time 
for the metal to set. 

The plate is the main site of trouble. 
It can be kept from overheating by press¬ 
ing it at intervals against a wet sponge or 
cloth pad. Do this as soon as the mold 
can be inverted without spilling metaL 
and before knocking the plate around. 
Trial soon indicates how often it is neces¬ 
sary. Correctly done, it keeps the parts 
completely clean and free of lead. 

Should a gang mold eventually become 
too hot in the body also, it may be cooled 
by momentarily plunging it (with cavities 
and pouring holes still full of metal) end¬ 
wise into warm water.—E.H.H. 



Lead deposits on the underside of the 
sprue plate of a gang mold. 


Gas-check Attachment 

The gas checks come off my cast bul¬ 
lets in flight. Is this consistent with good 
results? 1 get good accuracy with my light 
loads, but not when 1 increase the charge. 

Answer: Gas checks regularly come off 
cast bullets fired with comparatively heavy 
loads, often with only light loads. The 
gas check leaves the bullet at the muzzle. 
The American Rifleman has had one re¬ 
port of a gas check actually left in the 
rifle bore. 

It appears that in light loads the gas 
checks can come off without much effect 
on grouping. In heavy loads, the coming 
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off is evidently connected witn overheat¬ 
ing and deformation of the bullet, and 
is fatal to good grouping. 

Recovered bullets and separated gas 
checks show melting of a very thin layer 
of the bullet under the gas check. 

The excellent Hornady gas check has a 
thickened edge, designed to crimp into 
the bullet when passed through the lubri¬ 
cating die. This does improve the at¬ 
tachment. The amount of improvement 
necessarity is limited since the gas check, 
cannot grip molten metal. 

Much the best preventive is an inert 
filler between powder and bullet. THE 
American Rifleman has tested a great 
variety of these (see ^'Cartridge Space 
Fillers”, January 1967 ). They differ widely 
in effectiveness. The best found so far 
is Du Pont Dacron fiber, with kapok fiber 
next. In .30- 06, the correct filler in me¬ 
dium and heavy cast-bullet loads is one gr. 
weight of Dacron fiber over the powder. 
With a correct bullet, cast of linotype 
metal and lubricated with best-quality bul¬ 
let lubricant, this Dacron filler reliably 
prevents gas checks coming off at velo¬ 
cities up to 2300 Tp.s. At 2600 f.p.s. the 
gas checks begin to come off despite the 
filler, and the grouping becomes uncertain. 

The bullet base is subject to some im¬ 
provement. 



Tapered (L) and untapered bases on gas- 
check bullets. 

The left-hand bullet in the illustration 
has a tapered base for the gas check. This 
reproduces the original form in which the 
gas check bullet was introduced in 1905. 
It was designed to drop the gas check on 
leaving the muzzle, and it does so. The 
right-hand bullet has an untapered base 
which holds the gas check somewhat better. 

The Dacron fiber filler, however, is far 
more effective in keeping gas checks on 
than the shape of bullet base.—E.H.H. 


Mold Cut-Off Plate 

When I cast gas-check buUets oj hard 
alloy for my 30-06 rijh, the ctd-off plate 
leaves a sloping lamp on ihe baiiei base. 
Jigiuening the plate hinge screw on its 
lock washer, and striking the plate at rari- 
oas angles to cat of}, make no improvements 
is the pouring hole in the cut-oS plate too 
large? 

Answer: A large hole tends to cause this 
trouble, and a smaller hole will leave a 
much better base. However, the smaller 
hole will make it more difficiilt to obtain 
a well filled out bullet. Because of these 
conflicting requirements, the correction is 






best found in other design features. The 
most useful are a thicker cut-off plate and 
better cutting edge. 

The difficulty you describe occurs whth 
old style cut-off plates only Vq" thick. A 
plate 3/16" thick provides part of the cor¬ 
rection, The deeper hole of the 3 /16" plate 
also better accommodates the dipper spout, 
w hich then does not have to be set in place 
with such precise care. 

The rest of the correction is provided 
by an effective cutting edge. Examination 
of the factory plate will show' that its coni¬ 
cal hole comes out not to a sharp edge but 


a center drill (machine countersink)ij 
82® included angle, using plenty of cuffl 
oil. The maker who has a lathe can sil| 
a piece of stock on the lathe face-ri 
and bore the pouring hole with a sinj 
point tool; this is easiest done before! 
plate is shaped. Either w'ay. the cot 
hole is run through to an edge. 

Size of the clear hole should be in s 
proportion to bullet diameter. With 
bullets, a diameter of .150", the san 
in the Lyman factory plate, works' 
w'ith a plate made as described, andtl 
large hole helps in getting full, smoollill 
lets. This steel can be left in the ynnet 
condition, in which it is hard cnough,i] 

In use, adjust the hinge screw to f 
the plate swinging just freely; makioj 
any tighter gains nothing in cutting, 
hard alloys. Cut the sprue off with suiq 
light taps on the plate, w'hich sha\^fl 
bullet base satisfactorily smooth. 
way is to strike the plate one rather IS 
but very sharp rap, causing the platq 
swing clear around. With the thick jij 
and cutting edge described, this suapsf 
sprue off level.—E.H.H. 


Bullet mold blocks with replacement 
plate of tool steel. 

to a short cylindrical section, necessary 
because the plate is made of soft metal 
and a cutting edge would not last. This 
cylindrical mouth scrapes smooth the base 
of a bullet of soft alloy and does fairly 
well on medium-hard alloy. But on lino¬ 
type metal or equal, which is necessary for 
best performance in comparatively heavy 
cast-bullet rifle loads, a large hole of this 
shape leaves the lump you describe. At- 
vempts at correction by tightening the 
screw, etc., are useless. 

Replacement plate 

The user therefore has to make, or have 
made, a replacement plate. The best ma¬ 
terial is 3/16" ground flat tool-steel stock. 
A strip 1" wide makes up into plates for 
Lyman bullet molds with minimum cut¬ 
ting and waste. 

Using the old plate as a template, the 
outline and 2 holes are laid out on the 
flat stock, and the plate is shaped with 
hacksaw' and files. The hinge screw hole 
and a small pilot for the pouring hole are 
drilled, then the pouring hole is cut wdth 


Slag From Bottom Pour 

What causes the spots of some 
eatiy foreign material in my cast 
/ cast from a bottom-pour eketric \ 
and flax the metal carefully. 

Answer: The spots (see illustraliotilj 
slag inclusions not removed by fluxioi^ 
skimming the melted meiak 

h may surprise bullet casters to I 
that soiTie slag or dross sinks in mi 
lead instead of rising to the top. 
happens e.specially in certain 
scrap lead. It becomes most appan 
bottom-pour pots because these are m 
less and because metal is taken frenJ 
bottom where that kind of slag acci 
tales. 

When this occurs, allow the 
stand quietly for 20 minutes to 
Then cast it into ingots with as lilll 
turbance as possible. Clean the botta 
the cooled ingots with a wire brush,' 
oiighly clean out the bottom of 
where most of the settled maieii 
found. 

With the old-fashioned simple poll 
over a fire, allow the rxeial to had 
Dump it out in one piece, and belli j 
slug and the pot are easily cleaned.—EH 


A dec; 
leads 
not tl 

By E. I 
Senior T 
THE AM 

PART 1 I 

C AST I 

himselfJ 
many 
life. j 
They 
hand, I 
curacy 
not all I 
of 

these M 
eliniinai 

Early 

, The 
less pm 
In 190^ 
Manuff 
per Pi 
it, and 
attract! 
death 
neers, 
brou^ 
Later 
tools I 
by Lyi 
with 
Relom 
fortuni 
some I 
ity to 
been 
short aj 

comps 

Sint 

there, 
to i rfll 
matte 
lished 
4-part 
ate. 1 
contn 
publil 
iQidil 
a fe« 
possil 
Til 


Slag (arrows) in bullets cast from bottom-pour pot. 
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ACCURACY AND POWER WITH CAST BULLETS 
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P)WWif«/(W' this article bh pa^ie i44. 

A decade of testing 
leads to refinements 
not thought possible 

By E. H. HARRISON 

Setlfpr Technical Advisor, 

THE AMERICAN RIFLEMAN 

I PART 1 OF 2 

C AST rifle bullets give the advantages 
of production by the handloader 
Jiimself, very^ low cost, variety to suit 
- many uses, and unlimited rifle barrel 
ife. 

They often involve, on the other 
hand, the disadvantages of poor ac- 
mey (experienced by some shooters, 
mi all) and limited velocity. The art 
of loading cast bullets is in minimizing 
|.te limitations. Often they can be 
Ipliminated entirely. 

Early developments 

The use of cast bullets with smoke- 
? less powder in rifles began before 1900. 
Iei 1905, John Barlow of the old Ideal 
I panufacturing Co. introduced the cop¬ 
per gascheck and bullets designed for 
il. and results at once reached a level 
[grading serious attention. Then the 
death of Barlow and some other pio- 
neeis, and the onset of World War I, 
jilliought the development to an end. 
Later the manufacture of Ideal loading 
lEwls and bullet molds was taken over 
hy Lyman Gun Sight Corp., together 
with continued publication of the Ideal 
I ffdoading Handhook. This was most 
/fortunate for handloading. But despite 
i spme successes by individuals, the abil- 
iiy to improve cast-bullet results had 
■ i)Kn lost. Even the World War 11 
^gliortages of ammunition and reloading 
nponents failed to restore it. 

Since handloader interest was still 
I there. The American Rifleman began 
to investigate the problem on a syste- 
. jnatic basis, and in 1957 and 1958 pub¬ 
lished the initial results in an extensive 
! 4'part article. The effect was immedi- 
ite. The investigations have since been 
lOatinued at intervals and the findings 
Ijrablished. It is dear that with correct 
[loading, results can be obtained which 
1 few years ago were considered im- 



AH sizing of bullets is damaging, but degree of damage varies with amount of sizing 
and with die design. In design a that has been most common, sizing shoulder (see 
arrow) is square step with no ability to center bullet, which therefore Is often sized 
off-center.' In design b, shoulder has 7*" taper that centers bullet base in sizing. 
Design c has long slope which performs same function. 


firing tests totaling about 13,000 
rounds, fired in 18 rifles with bullets 
from 26 bullet molds. The composition 
of each load and the results it gave 
were entered on punched cards for 
analysis. The essentials and refinements 
then became evident. 

Fundannental factors 

The fundamental factors, which must 
be correct for success, should be sum¬ 
marized first. They are a suitable pow¬ 
der charge; adequate bullet hardness, 
design, and diameter; a really good bul¬ 
let lubricant; and a clean rifle barrel. 

Powder charge* During much of this 
testing, the best powder charge usually 
was the lightest one which burned satis¬ 
factorily, It still is true that in most 
cases the charge must be less than a 
full load for a jacketed bullet. But con¬ 
tinued improvement in other factors 
has made possible a much wider choice. 
The following can now give excellent 
results in .30-’06: 

Approx. 



Charge 

Muzzle Velocity 

Powder 

<grs.) 

tLp.s.) 

Hercules 2400 

13-20 

1250T700 

Du Pont iMR4227 

14^22 

1250-1700 

Du Pont IMR 4198 

20-25 

1500-1900 

Hodgdon BL C. Lot 2 

28 34 

1700-2100 

Du Pont IMR 4895 

30^38 

1800-2250 

Hodgdon H-380 

35-42 

1800-2250 

Hodgdon 4831 

40 50 

1800-2250 

Hodgdon H450 

40-50 

1800-2250 


The following summarizes the de¬ 
risive points and refinements on them, 
in loading cal, .30 cast bullets. The in- 
ijfprmation was obtained by nearly 1000 


It is sometimes practicable to exceed 
these charges and velocities. Successful 
loadings will be explained. 

Bullet hardness. Bullets for light 
loads may be cast of scrap lead. From 
2Vi% to 3% tin should be added to 
make the metal cast well; this with the 
amount of antimony in most scrap 


makes it sufficiently hard. However, a 
hard alloy gives more reliable results. 

Bullets for all other loads must be 
hard and strong; this is an absolute re¬ 
quirement. The best available alloy is 
linotype metal, with hardness 20 to 22 
Brinell. The subject of bullet metals 
will be returned to below in some de¬ 
tail because of its importance to suc¬ 
cess. 

Bullet design. Bullets covered by 
grease grooves almost their full length 
provide the maximum in both lubrica¬ 
tion and guidance. They have the dis¬ 
advantage that in most loads they leave 
grease exposed outside the cartridge 
case, which is often a nuisance and 
sometimes unacceptable. 

Bullets with body of moderate length, 
and the forward part fitting on the bar¬ 
rel rifling lands for guidance, meet 
nearly all requirements. In barrels with 
wide rifling lands the forward bore- 
riding part may be longer, leaving the 
body only a third of the bullet length. 
But in all cases the forward part should 
fit the lands; a diameter of .296'' to 
.297", as has often been the practice, is 
loo loose for most accurate shooting. 
It should be a full .300", and ,301" is 
better except that may give stifT loading 
in new barrels. Bullet molds now sold 
appear to have been improved in this 
dimension. 

With few exceptions, successful cal. 
.30 cast bullets are of the gas-check 
type. 

Bullet diameter and sizing* The bul¬ 
let body should be of .308" to .310" 
diameter, but may be .311". It is not a 
matter of diameter only, but of how it 
is obtained. A .313" or larger bullet 
sized to .311" may be better than when 
sized to .308", because it is less damaged. 
























T" 


Fortunately, all dies for bench sizer- 
lubricators are now made to a design 
which sizes bullets concentric, and this 
together with a more moderate ap“ 
proach by mold makers to diameters of 
cal. .30 cast bullets has ameliorated the 
diameter and sizing difficulty. 

Bullet lubricant* Unjacketed lead 
alloy bullets must be lubricated to pre¬ 
vent “leading” the rifle bore (deposit¬ 
ing or even soldering flakes of lead to 
it). Present-day handloaders have 
tended to assume that this is the only 
function of the lubricant, but in reality 
it has a marked effect on shooting ac¬ 
curacy also. After exhaustive NR A test¬ 
ing, the best rifle bullet lubricant found 
is composed of equal parts yellow bees¬ 
wax and an industrial petroleum deriva¬ 
tive designated Alox 2138F. The pre¬ 
pared bullet lubricant is available from 
several suppliers. 

An explanation will bring out what is 
involved in each of these decisive fac¬ 
tors, and give an idea of the reasons 
underlying them. 

Powder charges 

Cast bullets arc, at best, much less 
strong than jacketed bullets, and this 
imposes a limitation on the propellant 
charge that can be used. Pressure ex¬ 
ceeding the cast bullefs strength de¬ 
forms it until the shooting is wild. This 
normally happens well before the bullet 
“jumps the rifling”, so the latter reputed 
mode of failure is not the problem. 

Disregarding the very light loads em¬ 
ploying shotgun and pistol powders, the 
table shows the smokeless propellants 
which in these tests have been most 
successful with cast bullets. In each, 
the charges shown range from the light¬ 
est to the heaviest which gave reliable 
performance in .30-’06, other compon¬ 
ents being correct They cover a wide 
range of practical usefulness. The be¬ 
ginner should get good target grouping 
at once with a low or middle charge of 
No. 2400, IMR 4227, or IMR 4198. 
That is what he should start with, since 
above all he needs the feel of success. 

Some other current powders have 
given more or less good results in this 
application, still others have not. The 
reasons are not clear. The above list is 
long enough, and problems with the 
other components in cast bullet load¬ 
ing are sufficiently troublesome to make 
it seem unnecessary to try to make less 
suitable propellants work. 

In practice, most cast bullets are 
produced from scrap and salvaged 
metals. The motives are economy and 
convenience. 

Very light loads work with bullets 
cast of almost anything that will melt. 
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Adding to 3% tin improves the 

casting. Tin is bought in bars, either 
pure or in solder containing stated pro¬ 
portions of tin and lead. 

Soft scrap metal can be used in loads 
up to about 1300 feet per second 
(f.p.s.) with fair satisfaction. But it is 
objectionable because really inadequate 
for even that application, requiring 
careful and skilled adjustment of the 
powder charge to get accurate shoot¬ 
ing. This is especially unfavorable to 
the beginner. To obtain results in this 
range without difficulty, and extend 
them to the 1700 f.p.s, readily practi¬ 
cable with No. 2400 and IMR 4227 
propellants, the metal must be at least 
half as hard as required for heavy 
loads. This means at least 10 to 12 
Brinell, or the hardness of the old 
alloy of one part tin to 10 of lead. 
(Brinell hardness is explained in “Meas¬ 
uring The Hardness Of Cast Bullets”, 
which is reproduced in this handbook. Pg, 
29.) Greater hardness than that does no 
harm at all, and tends to make reliable 
grouping come easier. 

Heavy cast bullet loads require the 
hardest and strongest lead alloys prac¬ 
ticable. Disregarding this causes failure. 

Tradition, regrettably kept alive in 
published information, has been a 
heavy handicap. At the beginning of 
this century there was still perhaps 


some excuse for the weak andj 
proportioned bullet metals usedji 
present times the physical propertiq 
alloys including type metals, withs 
cific compositions of tin, antimony,i 
lead, are well known. 

Briefly, tin improves the ca; 
qualities of lead alloys and incide 
has some hardening effect. Afterfl 
first few per cent the added hard 
is slight. The long-recommended “H 
10” mixture (one part tin to 10 
had a hardness less than 11 
only about twice as hard as pure I 
and was a costly absurdity. 

Antimony has far greater hardei 
and strengthening effect. Lead^i 
mony alloys can practicably be i^il 
4 times as hard and strong as lead. B 
lets cast of straight lead-anti mony' 
loys give very good results. 

Lead and antimony together giveb 
results. The tin improves casting qoi 
ties and adds some toughness, 
gross physical and the microscopici 
micrographic properties of lead- 
antimony alloys have been exhausti^ 
investigated for their use in type 
which have essentially the same requi 
ments for hardness, strength, wearn 
sistance, and smooth casting that ( 
bullets require. The most suitable t 
metal usually available is linotype,ci^ 
narily 4% tin, 12% antimony, 


Light and medium weight cal. .30 cast bullets: (l.-r.) Lyman 311359-115 grs., m 
lent in .30 carbine also; 311465-120 grs. Loverin; 311466-150 grs. Loverin; 31141|J 
165 grs., fails above light loads; 311291-170 grs., best single cal, .30 cast byllif 


Comparatively heavy cal. .30 cast bullets: tl.-r.) Lyman 311467-175 grs. 
311332-180 grs.; 311334490 grs.; Saeco RG4-192 grs.; Lyman 311284-205 
311290-205 grs.; 311335-200 grs.; 311299-205 grs. 
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loads of suitable accuracy can be refined 
by orienting bullet always the same when 
loading in rifle. Position of bullet in mold 
is often shown by off-center sprue (I.), 
^vhich can be indicated by making a 
nsrkon bullet ogive, or the mold can be 
made to leave such a mark by filing a lit¬ 
tle notch fn) on one edge of mold block 
IsK arrows). 


U% lead, with hardness 20 to 22 
Brinell. It is highly successful in cast 
bullets. (Monotype metal, composed of 
tin, 19% antimony, 72% lead 
bas about 28 Brinell and may materially 
Mtend the possibilities of cast bullets, 
ki that possibility has not been pur¬ 
sued;) 

The 44th Edition of the Lyman Re- 
hading Handbook, published in 1967, 
(ook the important step of dropping 
m of the old bullet alloys and rec- 
[pleading only Lyman No. 2 alloy 
(Bomposition 5% tin, 5% antimony, 
90% lead) or equivalent. The same 
I (eomposition is also available as Divi- 
iion Lead Co. Bullet Alloy No. 7. 
IjiHardness of the latter has been given 
as about 18 Brinell though 16 might 
be more realistic. But Lyman No. 2 
aod Division Lead No. 7 are compara¬ 
tively hard and strong, and of course 
cast excellently. They are a very great 
ittpmvemcnt over many bullet metals 

I i:;Sources of linotype metal must be 
sought out locally. This is inconvenient, 
snd is likely to result in getting mixed 
or mislabeled metals. Antimony costs 
only about 3 times as much per pound 
Asbd while tin costs at least 12 times 
» much as lead? This results in the 
iDtal metals in Lyman No. 2 costing 
I ibout the same as in linotype, though 
[he performance potential of linotype 
is greater. Improvement in the cut-off 
plats of Lyman single and double cav¬ 
ity bullet molds (see “Mold Cut-Off Plate" 
and later items in this handbook) would 


allow them to cast linotype metal without 
difficulty in cutting off the sprue. Then 
linotype could be sold as a regular bullet 
metal. 

Of course bullets must be well cast. 
Molds should be stored without oil or 
grease, and mold and metal should be 
at proper operating temperature. Then 
the cause of poor bullets is in casting 
too fast, not allowing the mold time to 
fill. Cal. .30 bullets properly cast in a 
single-cavity mold, and inspected for 
surface defects, should be about as uni¬ 
form in weight as cal. .30 jacketed 
match bullets—within gr. extreme 

spread in a sample of 20. After the 
quality of cast bullets has been thus es¬ 
tablished they necu be check-weighed 
only occasionally. 

Flux the molten alloy regularly dur¬ 
ing casting, keeping it clean and clear. 
Even so it will lose tin. Therefore, add 
about 1% tin to the metal each time it 
is remelted. 

Bullet diameter and sizing 

Cal. .30 cast bullets have an unlucky 
history in this respect Molds supplied 
have produced bullets up to .314" di¬ 
ameter. The handloader was directed 
to ‘'size" these down sufficiently for 
use, in a die which cut the bullets 
down off-center. He was told this im¬ 
proved them. 

The reason appears to have been 
partly historical. It has been stated that 
barrels of the first cal. .30 Model 1892 
(Krag) rifles measured from .305" to 
.315" or more in groove diameter. It 
appeared easier to provide cast bullets 
to fit these by means of bullet sizing 
dies than by separate bullet molds. A 
virtue was made of this by claiming 
that sizing improved the bullets (in the 
face of the fact, quite well known, that 
by far the best cast-bullet shooting was 
done by Schuetzen and bench-rest rifle¬ 
men who shot their bullets unsized). In 
any event, most rifle barrels made since 
World War I have been uniform 
enough, and the sizing practice long 
outlived the usefulness it may origi¬ 
nally have had for that purpose. 

Sizer-lubricators are desirable with¬ 
out any such excuse. They grease bul¬ 
lets far easier and faster than it can 
be done by hand, and attach gas checks 
at the same time. Also, most gas checks 
are made of outside diameter greater 
than the bullet, and if merely pressed 
on they form an oversize base which 
keeps the bullet from being held well 
in the case neck. A sizer-lubricator 
brings the gas check down to bullet 
diameter and attaches it somewhat 
more securely. 

In more recent years, other manu¬ 


facturers made their molds to cast bul¬ 
lets very little oversize, and made sizer- 
lubricator dies with a tapered lead-in 
which centered the entering bullet to 
avoid cutting it down off-center (sec il¬ 
lustration). In 1963, Lyman adopted 
this form of sizer-lubricator die. This 
correction has largely removed this old 
handicap. 


Bullet design 

The limited strength of lead alloy 
bullets makes it necessary to support 
them during discharge. Otherwise they 
are distorted and shoot wild. 

Like any bullet, these must be posi¬ 
tively guided or they will tilt. Also the 
cast bullet being plastic tends to slump 
from the great force applied to its base, 
and bend if not held straight. 

This was encountered as soon as elon¬ 
gated bullets began to be used. The 
solution in most blackpowder ammuni¬ 
tion was to allow only a short bullet 
nose, the body taking up all the rest of 
the bullet and being covered by a paper 
patch or by grease grooves. This pro¬ 
vided the maximum in support and 
guidance. In recent decades the Loverin 
design of cast bullets has been essen¬ 
tially the same, with gas-check added 
and diameter of the leading bands ta¬ 
pered .slightly down to fit into the barrel 
bullet seat. These bullets give excellent 
results. They may have somewhat 
greater performance potential than any 
other form of cast bullets. Bui as already 
mentioned the grease grooves left ex¬ 
posed in the cartridge may be objection¬ 
able. Also, long Loverin bullets, despite 
their desirable leading taper, have to be 
loaded deep in short-necked cartridges, 
especially when they must be fired in a 
barrel with short unworn bullet seat. 

To accommodate long heavy bullets 
without incurring similar disadvantages, 
the final blackpowder military car¬ 
tridges were designed for bullets with 
longer noses, these being exposed while 
only the bullet bodies were held in the 
cartridge case. To preserve the bullet 
shape and alignment, the lead was hard¬ 
ened. The U.S. Cal. .45 Model 1881 
service bullet, weighing 500 grs., had a 
parallel-sided nose making up more 
than half its length. The first of John 
Barlow‘s cal. .30 gas-check bullets-— 
the present Lyman 311284, 311290, 
311291, and 311299—were designed 
in this form, and to this day they are 
among the most successful of all gas- 
check bullets. While expansion by a 
heavy load may shorten and bulge the 
nose section to fit on the barrel rifling 
lands, this part of the bullet should fit 
before discharge. 

The most widely known bullet devi- 









ating from this form is Lyman 311413, 
which appeared as the Squibb in 1929 
and was later made in somewhat modi¬ 
fied form. This long-recommended bul¬ 
let (see illustration) reproduces to a 
considerable extent the shape of jack¬ 
eted spitzer bullets. Its target grouping 
is excellent in light loads up to about 
1400 f.p.s. At higher velocities its rec¬ 
ord is one of repeated failure. This re¬ 
sults from insuflicient guidance during 
discharge, the long point being unsup¬ 
ported. TjIE AMHklCAN RIFLF-MAN at 
the start of its cast-bullet investigation 
in 1957 pointed out in specific terms 
the poor performance of No. 3M413; 
bullet No. 311291 of the same weight 
w-as found to perform excellently. In 
1967, Lyman in its 44th Edition Re¬ 
loading Handbook made an explana¬ 
tion of good and bad forms of cast 
bullets, and no longer recommended 
No. 311413. This removed a long¬ 
standing handicap to users. 

Since cast bullets thus must be com¬ 
paratively blunt, the user must accept 
a greater velocity loss and accompany¬ 
ing greater wind deflection than with 
long-pointed jacketed bullets at the 
same muzzle velocity. If desired, he 
can minimize this effect by selecting a 
cast bullet which while retaining the 
necessary parallel-sided nose has a 
sharp tip. Examples are Lyman 311332 
and 311334. 

Bullet lubricants 

Despite common fears of bore lead¬ 
ing when low velocities are exceeded, 
leading is not a teal pro blent. It has 
never been experienced in American 
Rifleman testing, even with cast-bullet 
loads of 2BOO f.p.s. muzzle velocity, 
when components of the load were cor¬ 
rect.^ 

If experienced by the user it is be¬ 
cause the load is wrong in some obvi¬ 
ous way. One of the most common is 
use of insufliciently hard bullet metal. 
In short-nosed multi-groove bullets of 
Loverin design, the result in most cases 
is merely poor target grouping; even 
under deformation no unlubricated lead 
can reach the rifle bore. Other bullets, 
when fired under more pressure than 
the material can resist, are upset in the 
nose as well as in the body, forcing 
bare metal of the nose against the bore 
and leading it. 

But since with correct components 
(including sufflciently bard metal) any 
reasonable lubricant prevents leading, 
the real problem is to find the lubri¬ 
cant giving best grouping on target. 
There is an astonishingly large effect. 
The old Schuetzen riflemen understood 
this and gave great attention to it. Pres¬ 


ent-day handloaders often choose a bul¬ 
let lubricant more or less perfunctorily, 
with poor results. 

The old Lyman and the excellent 
new Saeco lubricant give very good to 
excellent shooting. There are other good 
ones: still others are notably poor. But 
even the best ones did not deliver the 
grouping in test under all conditions 
that it seemed should have been pos¬ 
sible. I he subject was therefore gone 
into in considerable depth. 

Bullet lubricants are In the form of a 
wax or grease. There are; 

• waxes and waxy mixtures, for¬ 
merly containing fats also; 

• lubricating greases; 

• unconventional materials; 

• lubricant additives. 

The first class has been traditional 
for bullet lubricants and its general 
properties are familiar. 

Lubricating grease, the second class, 
is a gel of oil. usually petroleum lubri¬ 
cating oil, and a metallic soap, usually 
sodium, calcium, or lithium. Sts proper¬ 
ties are well known to industry but ap¬ 
parently not to mo.st shooters. These 
properties depend on the viscosity and 
kind of oil used in making the grease, 
the kind of metallic soap (each gives 
certain distinctive characteristics), and 
the proportion of oil to soap. Lubricat¬ 
ing grease is not readily melted, unlike 
petrolatum with which it is sometimes 
confused. There is a special type of 
grease in which the soap component is 
replaced by a colloidal clay called ben¬ 
tonite, and this type can hardly be said 
to have a melting point. The quality of 


industrial and automotive greases^ 
impressively high. ( 

Some materials not in the above ill 
sifications can be used as lubricamsj 
there are also solid additives wlii 
have often been resorted to. 

Variety of lubricants tried 


Careful trial was made of all i 
lubricating materials in the left-b 
column belowx and of the same 
tcrials with the additives indicated3 
most cases the additives were tridj 
several proportions in the iubricaiil,j 
One unexpected result was cveit’ 
failure of all the dry solid additivi 
graphite, molybdenum disulphide, 
zinc oxide, and Teflon. Mixed into^ 
and grease lubricants they often 
proved the lubricating effect but ne; 
always enlarged target groups, 
seemed especially unfavorable in 1 
respect when only small quantitiesd 
added to the base lubricant. Theret 
some indication they might be 
successful when added heavily—2 oj 
times the base lubricant by weight- 
that remained uncertain and evenll] 
all these solid additives were dropp 
For a long time the besi-perfcn 
Uibricant was soft lithium-soap 
Target groups were smaller and Ji 
reliable than with anything else. H 
is a soft general-purpose lubrici 
grease, available most readily in one 
cans at some filling stations, 
the shooting accuracy, an inteit 
characteristic is its comparative ini 
sitiveness to both high and low it 
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Wax and Fat Additives 

LybriPants Graphite M 0 S 2 Mica Teflon 

Fdea] — — — 

Ideal—sperm oil —. _ — 

Ideal—^lanoIln X ■— — ^ 

Beeswax—castor oil X —■ — ^ 

Beeswax—EP 

transmission oil X —^ ^ ,— 

Crisco (cooking fat) — — — — 

Amoco Door^Ease ^ ^ — X 

Witbayco R.P. 

Grease—sperm oil — — — “ 


Fixed ,, . 

Lubricating Additives 

Greases Graphite Mo5i Mica Teflon 


Amoco and other 
chassis greases 
Esso waterpump 
Texaco waterpump 
Cities Service 
Trojan EP-1 
Cities Service 
Trojan H-2 
Cities Service 
T rojan HM-3 
Cities Service 
Trojan H-EP-2 
Sinclair MP 


XX — — 

XX — — 

^ X — X 

_ _ — X 


X — — 

— XX 


Delco-Moraine 

Brake Lube — 

Fiske Lubripiate llO-Q^ 
and others — 

Siloo White Lube — 
Anderol Gun Grease — 
Valvoline Outboard 

EP Gear Oil — 

Valvoline Outboard 

Gear Grease — 

No. IZO EP 

transmission oil — 
Locomotive sidC’rod 
grease — 

Perfect Lube — 

Chevron Cannery 

Grease 550 — 

Bardahl AP No. 1 — 

Herter's Silicone 
Gun Grease 

Unconventional 

Lubricants Graphite 

Graphite-water paste — 
IVI 0 S 3 water paste — 
MoSi in polyalkylene 
glycol — 

Lauryl—stearyl 
alcohols 




X 


X 
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perature effects. This is astonishing to 
many persons, who because of the soft¬ 
ness expect it to melt easily in the 
jnanncr of waxes including petrolatum. 
In reality it is a fundamentally differ¬ 
ent material. 

Unfortunately however the soft lith¬ 
ium grease does not work satisfactorily 
through usual sizer-lubricators, ruling 
it out for either convenience or quan- 
lihToading. Hand application and han¬ 
dling the greased bullet during loading 
ire quite inconvenient. Ultimately 
lliereforc it also was dropped and the 
search for the best lubricant renewed. 

Eventual success was obtained with 
ifie use of AIox 350 at first, then Alox 
213fiF. These are derivatives of pe- 
troieum, used industrially for increas¬ 
ing the lubricity and corrosion-prevent¬ 
ing qualities of oils and greases. They 
m products of Alox Corp., Niagara 
falJs^ which has more than 2000 
^ulations of them available. Twelve 
Alox variations were tried, and Alox 
2I3SF was chosen entirely empirically 
on the basis of shooting trials (the only 
real basis of choice to all this investi¬ 
gation), While these and some other 
Alox types could be used straight, they 
proved best as bullet lubricants as a 
jniiture with pure yellow beeswax (not 
while or bleached beeswax which is less 
effective). The bullet lubricant finally 
diosen consists of equal parts by weight 
ofAlox 2l38F and yellow beeswax. It 
m be made up by the user. To do so is 
not always practical however, since the 
Alox manufacturer does not offer it in 
Kiy small quantities. After publication 
of these results and many others in 
The American Rifleman ('‘Bullet 
;[labricants'\ July 1965, pages 46-49) 

J several firms introduced the prepared 
Kiibficant at retail. All known reports 
wi its performance have been favor¬ 
able.’* 


Fiber fillers 
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I Distortion in firing is not the only 
Wtation on cast bullets. Even worse 
b the great heat of the propellant gas. 
[•Plain-base cast bullets loaded above 
1300 to 1400 f.p.s. muzzle velocity in 
.3(^'06 are so cut by this gas that all 
I shooting accuracy is lost, and the rifle 
tore is likely to be leaded. The copper 
gas check protects the base of the bul¬ 
let and to some extent its sides, rais¬ 
ing the practicable velocity by several 
Jltindred f.p.s. Quality of bullet lubri¬ 
cant is important here also. 

Early experimenters tried protecting 
the bullet base with a filler of dry 
Cream Of Wheat over the powder 
charge, with some limited success. This 
was dropped on introduction of the gas 


check in 1905. But most cast bullet 
loads leave a space over the powder, 
and consideration was given in Ameri¬ 
can Rifleman tests to utilizing this 
for additional protectiori to the bullet. 
Every material that seemed to offer rea¬ 
sonable promise was tried. Cream Of 
Wheat turned out to be one of the 
worst. Unquestionably best were light 
fibers. 

Kapok successful 

Most common of these, and for some 
time the most successful in trials, is 
kapok, an extremely light and delicate 
natural fiber from the seed pods of a 
tropical tree. It is sold as a cushion 
filler. A tuft of it is simply pushed into 
place ovei the powder before seating 
the bullet. About V 2 gr. weight was 
successful, but continued use (by other 
handloaders also, after publication in 
The American Rifleman) showed 
¥4 to U/i gr. to be better. The exact 
amount for best target grouping is 
found by trial in the given load. This 
may result in some shreds of filler 
thrown from the muzzle unconsumed. 
If objectionable it may be eliminated 
by reducing the filler slightly. After a 
little practice, fillers near the desired 


weight can be estimated by eye in load¬ 
ing, and need be check weighed only 
occasionally. 

Dacron better 

A still better material is Dacron fiber 
fill. Dacron, a du Pont artificial fiber, 
is pure white and (unlike kapok) is 
completely clean and uniform. It is so 
springy that it never mats down. 
Dacron fiber was until recently sold by 
Sears Roebuck in bags as a cushion 
filler, like kapok. Now it is sold in bat- 
ding for the same use; this can readily 
be pulled apart for the material. 

The fiber filler allows successful 
charges to be increased about 10%. Or 
the charge can be left unchanged, and 
the filler then may tend to make target 
grouping more reliable. Even in light 
loads a carefully adjusted filler may 
markedly improve grouping. Also, in most 
cast bullet loads the powder does not fill 
the cartridge; then it must be positioned 
uniformly before each shot by tilling the 
rifle up or down, otherwise shots will 
string vertically on target. The filler holds 
the powder charge in place so no attention 
need be given it. This convenience com¬ 
pensates for the one extra operation in 
loading. g 
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CAST BULLETS AND HOW 
THEY PERFORM IN RIFLES 


By E, H, HARRISON 

Senior Technical Advisor, 

THE AMERICAN RIFLEMAN 

PART 2 OF 2 

I T is absolutely necessary that a ride 
barrel which has fired jacketed bullets 
be cleaned thoroughly before firing cast 
bullets. Jacketed bullets iron propeilant 
residue onto the bore, leaving a hard 
deposit which destroys the accuracy of 
cast bullets shot over it. Even the foul¬ 
ing from cast-bill let loads must be re¬ 
moved before firing a different cast 
load, to avoid influencing the accuracy, 
often considerably. 

To clean, pass a brass or bronze 
bore brush 2 or 3 times through the 
bore. Then clean the bore with one or 
more patches wet with government bore 
cleaner or commercial powder solvent 
(not oil), the number dependiiig on 
bore condition. Wipe the bore dry be¬ 
fore firing. Using the brass brush at the 
beginning of cleaning prevents trouble 
with sticking patches. 

Good light loads with cast bullets 
leave only a soft fouling which wipes 
out with ease, needing no brush. But 
one cannot be sure of this. A smooth 
feel in wiping out is not an infallible 
indication. Young eyes can examine 
that part of the bore near muzzle and 
breech. A middle-aged rifleman can be 
sure he does not see the real surface. 
Use the brush. 

Removing fouling 

Unsuitable loads can leave lead foul¬ 
ing or Teading'L With suflicienily poor 
loads it can become very bad. Then 
the brass brush cannot remove it, 
though some burnishing of the lumps 
may be accomplished. If this is 
doubted, apply a brass brush to ex¬ 
posed solder on some article and see 
whether any of it comes off. 

Provided the lead fouling is not so 
severe as to constitute a bore obstruc¬ 
tion, it can be removed by firing 2 or 3 
full-load jacketed bullets. (Incidentally, 
this illustrates the severity of friction 
and heat from jacketed bullets com¬ 
pared to a brush.) Then the conven¬ 
tional cleaning already described is all 
that is required. When firing is not 
possible, the lead can be removed with 
medium steel wool wound on an old 
brush. This looks harmful and no doubt 
is, but in a standard cal. .30 barrel is 
not seriously so. One ,30-’06 NR A test 


rifle has fired almost every conceivable 
kind of load, and the bore has neces¬ 
sarily been so cleaned actually dozens 
of times. Under low-power magnifica¬ 
tion the forward portion of the bore, 
uneroded by firing, still looks like new'. 
Of course it is ultimately simpler to 
prepare cast-bullet loads correctly and 
have no trouble with leading. 

Not every rifleman owns proper 
cleaning equipment. He should have a 
good cleaning rod, preferably steel, and 
bore brushes, cut patches, and solvent. 
A rod guide to slip into the rifle 
breech is desirable. Brass brushes are 
worn after several cleanings and should 
be discarded—they are cheap. Revers¬ 
ing the brush within the rifle bore de¬ 
stroys the bristles, and possibly may 
damage the finish of a fine bore; move 
the brush all the way out each end of 
the barrel. So used, the brush does no 
harm to a cal, .30 barrel. 

Cast bullets must be seated in the 
cartridge case with some precautions 
against shaving. The case mouths must 
be '‘chamfered” (inside edge beveled) 
and usually should be enlarged slightly 
as an extra operation after case sizing. 
Lyman makes a 2-diameter expanding 
plug for this (see illustration); the 
lower part fits in the sized case neck 
while the upper slightly enlarged sec¬ 
tion enters only a short way. This plug 
is carried in a die which does not touch 
the cartridge case. Lyman recommends 
its u.se also in assembling the most ac¬ 
curate jacketed bullet loads. 

It used to be presenbed that case 
necks be expanded with a ,31L' plug 
for cast bullets of that diameter. That 
is not necessary. Most of The Amer¬ 
ican Rifleman’s extensive cast bullet 
testing has been done with case necks 
expanded with the standard .3065"' plug 
used with jacketed bullets. This leaves 
the neck a tight fit on cast bullets of 
.308'' or greater diameter. When pow¬ 
der charges are adjusted for it there is 
no harm to shooting accuracy, and 
there are the advantages of easy neck 
expanding, a rigid and reliable car¬ 
tridge, and ability to push the cast bul¬ 
let into the origin of rifling if desired 
without danger of shoving the bullet 
back into the case. It is necessary only 
that the case mouth be enlarged for a 
short distance, as described, to allow 
the bullet base a smooth start in seating. 

The most successful cast bullet loads 
fall into 2 classes: light and medium 
power. 



M 


Dies for belling rifle case mouths to 
loading of cast bullets. (L) Lyman^ 
expanding die; bottom of plug m 
case neck normally, and step (ai 
belts mouth to desired depth, (r.) Coi 
tionat expanding button (arrow) sell 
for desired oversize and mounte|'l 
shown in a conventional seating difcj 

Light loads are here taken as thoi 
1250 to 1450 feet per second (f. 
muzzle velocity. No. 2400 and I 
4227 powders, in charges of 13 10 
grs., provide such velocities in . 

(A special class of extremely lightli 
is described in the article ‘'Ultra-1 
Rifle Loads”, in the NRA Reh 
Haticlhook,) 

Shooters these days are likely to 
1400 f.p.s. loads are good for only 
get and small-game shooting up to 
yds. But in fact they reprod 
.32-40 cartridge, which for manyy 
was used in highly accurate targpl 
bcnch-rest shooting at 200 yds. 
standard .32-40 factory round, fi 
l65-gr. expanding bullet at 1440 f.| 
has long served as a whitetail deej 
tridge. These light loads therefore 
respectable power from many pn 
cat viewpoints, they are pleasant; 
reasonably quiet to shoot, and they 
give most excellent accuracy. 

Loading is not difficult. Best b 
in .30-’06 is Lyman U3ll291.The 
bullets should be of respectable q 
Add tin to the casting metal until 
lets are bright and well filled out 
the mold time to fill in casting. The 
lets arc better when not sized. If 
are sized it must not be in the foi 
style (no longer made) of Ly 
sizer-lubricator dies, which cut bi 
off-center. Fill the bullet groovesv 
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liigh quality bullet lubricant. Seat the 
bullets in the cartridge case without 
shaving them. Scat them far enough 
forward in the case neck to be marked 
I by the barrel rifling before firing, or at 
least to have only a short jump; this is 
f Important with cal. .30 service barrels, 
in which the origin of rifling is cut 
away in manufacture and in an indi^ 
vidual rifle may be worn as well. 

For best grouping the powder 
I charges should be adjusted by careful 
ydiooting trial. Make initial adjustments 
tnone-gr, steps, then '/ 2 ’gr. steps. The 
adjustment is affected by temperature 
(see '‘Beating The Temperature On 
Cast-Bullet Loads”, The American 
R[FLE^fAK, March 1968, Page 39), 
This can be avoided if one is willing to 
I lubricate bullets by hand with lithium 
jTcase. which is not temperature-sensi- 
live. 

A kapok or Dacron fiber filler of 
lo Wi grs. weight improves regularity. 
If it is not used, the small powder 
dtarge mu-st be positioned all forward 
or all back in the cartridge by tilting 
the rifle muzzle down or up before each 
shot. A few experimenters believe that 

I placing the powder forward gives best 
Imuits, but most find placing it back 
nsgainst the primer is best and that 

II agrees with American Rifi^eman ex- 
iperience. This requires raising the muz¬ 
zle before each shot, which may not be 



Diameter of bullet body affects seating 
depth, (I, to r.) Bullet of .3105" diameter 
1 as necessarily seated for use in a new 
; ,308 Winchester match barrel, and same 
J bullet sized .3085" seated for use in 
f same barrel. 


permissible for safety reasons. All this 
is obviated by the fiber filler. 

Firing a light load of this kind short¬ 
ens the case body. Large pistol primers 
shorten cases less than large rifle prim¬ 
ers. and the loads group as well or a 
little better, if adjusted by target trials 
with the primer used (which should be 
done anyway). But any shortening 
means excessive headspace with rounds 
thereafter assembled in those cases. 
Therefore keep light-load cases for that 
use only, not mixing them with cases 
used for other loads. 

Medium-power loads 

The other most successful type of 
cal. .30 cast bullet load is of medium 
power, firing bullets weighing up to 205 
grs. at muzzle velocities up to 2250 
f.p.s. 

This equals or surpasses the .30-40 
Krag-iorgensen (.30 Model of 1892) 
firing its standard 220-gr. bullet at 2000 
f.p.s.. with which very good target and 
competition shooting was done up to 
1000 yd,s. With sporting bullets this 
cartridge was considered suitable for all 
North American big game. The British 
.303 Mk VI shot a 2I5-gr, bullet at 
2050 f.p.s., and in its time was a stand¬ 
ard cartridge for match rifle competi¬ 
tion up to 1200 yds. In ,30-T)6, the 
l73-gr. boattail bullet at 2200 to 2300 
f.p.s, was for years the U.S. load in 
3()0-meter Olympic and International 
competition, being used by L1.S. teams 
and individuals in some of their most 
successful seasons. 

The above type of cast bullet load 
thus has sufiFicienl power for many 
purposes. 

The handloader who already has a 
mold for the 165-gr. Lyman No. 
311291 bullet can use that. It is the 
most widely successful of all cal. .30 
cast bullets in .30-’06, as The Ameri¬ 
can Rifleman pointed out some time 
ago. Should however he wish to make 
a selection especially for this medium- 
power loading, he may find a coni par a- 
tively heavy bullet appropriate. No. 
311284 has long been used and No. 
311290 has received more attention 
lately. However, they were designed for 
the ,30-40 cartridge wath its long neck, 
and when seated over the lubricating 
grooves in the ,30-’06 cartridge they 
project below the case neck. This is 
especially .so with No. 311284. and No. 
311290 is better. The 182-gr. No. 
311334 was designed for the .30^06 
case. But molds sold for it have pro¬ 
duced bullets with an undersized for¬ 
ward parallel, and these have not ,shot 
well except in 2-groove barrels. The Ly¬ 
man No. 311332 of similar shape and 


weight, and the heavy No, 311335, 
were also designed for ,30-'06 and, 
probably because of molds made with 
unworn ‘^cherries” (the formed cutters 
producing the mold cavity) are of cor¬ 
rect ,300" 10 ,301" diameter in that 
part. Also the .303 No. 311299 is suit¬ 
able in body length, and its ,304" for¬ 
ward part is best in bores which are 
somewhat worn. 

Best results have been obtained with 
the 192-gr. Saeco No, RG4. Body of 
this splendid bullet is of suitable length 
for the ,30-T)6 case neck, and as cast in 
Saeco molds the desirable .301"' dia¬ 
meter in the fow'ard part is obtained 
without excessive oversize in the body, 

iMR 4895 powder has proved to be 
excellent in .30-T)6 cast bullet loads of 
this type. Charges arc 36 grs. with 200- 
gr. bullet, 37 grs. whth 180 to 195-gr., 
and 38 grs, with 165-gr. bullet. The 
corresponding muzzle velocities are 
2000 to 2300 f.p.s. Hodgdon BL-C Lot 
2 also is excellent, in charges of 34, 35, 
and 36 grs. with the above bullet weights. 
The slower Hodgdon H-3H0 does well in 
corresponding charges of 39, 40. and 
41 grs. 

As in light loads, a fiber filler of one 
to I V 2 grs, kapok or Dacron, while not 
necessary, is valuable for improving re¬ 
liability and for making it unnecessary 
10 position the powder charge before 
firing. 

Much slower propellants can he 
loaded. The A xf eric an Rifleman used 
Hodgdon 4831 in many tests from the 
very beginning of its cast bullet investi¬ 
gations in 1957. Not much information 
had been developed at that time, but it 
was known that the plastic strength of 
lead alloys is the basic limitation on 
cast bullet loading, and slow propellants 
offered means of holding down peak 
pressure and thus the force on the bul¬ 
let, Also the larger charges of slow pro¬ 
pellant more nearly fill the cartridge 
case, lessening the annoyance with 
powder position in the round. The 
earliest reliable grouping at velocities 
above 2000 f.p.s. was obtained in this 
way. 

In long use, however, some disad- 
vantage.5 appeared. Fouling from the 
slow powder is often troublesome by 
caking midway of the barrel and af¬ 
fecting accuracy. Perceptible recoil at 
the same muzzle velocity is greater, 
partly because of the heavier propellant 
charge to be moved and partly because 
of the louder report. Still very good re¬ 
sults can be obtained with Hodgdon 
4831 and H-450, and the above velocity 
bracket is approximated in ,30-'06 with 
45 to 50 grs. of these powders. A fiber 
filler is beneficial even in these loads. 

The one absolute necessity is a strong 


67 









bullet alloy. Linotype is best among 
reasonably available metals. Still harder 
and stronger alloys are desirable but at 
present cannot commonly be obtained. 

A third class of lead alloy cast-bullet 
loads is possible, principally with the 
No, 311291 bullet, nearly equaling 
30-06 factory velocity. Their reliabil¬ 
ity is not yet up to that of the first 2 
classes and they will not be discussed 
at this point. It is however reasonably 
easy to load light gascheck bullets, such 
as No, 311465, to 2450 f.p s. with good 
grouping. 

In other calibers 

The .30-^06 is not the only cal .30 
rifle cartridge for cast bullet loading. 
Some others do better than the .30-'06 
with these bullets. 

This is outstandingly true of the .30 
Ml carbine, A number of handloaders, 
and the Lyman Reloading Handbook 
44th Edition, report that cast bullet 
loads can be loaded up to service 
power and surpass the shooting accu¬ 
racy of service ammunition. Especially 
remarkable, such loads can even per¬ 
form well with plain-base bullets (no 
gascheck). These results were generally 
confirmed in NRA tests. 

Following are among the ballistic test 
results in cal .30 carbine carried out 
for the NRA by H.P, White Labora¬ 
tory, including .30 carbine service am¬ 
munition tested at the same time: 


BullC!t 

iullet 

Powder 

Cliaree, 

Velocitif, 

Pressure, 

Wt., er$. 


Type 

grs. 

f.p.s. 

p.s.r. 

10& 

311257 

4227 

15.0 

1938 

39,080 

114 

311359 

2400 

12.5 

1837 

39,200 

114 

311359 

4227 

13.5 

1805 

39,240 

111 

Service 

cartridge 

1943 

36.280 


Bullets were cast of linotype metal in 
Lyman molds. They were sized to 
.3105 diameter because seriously over¬ 
size as cast, and loaded to 1 .67'' car¬ 
tridge over-all length. Velocities are as 
measured at 20 ft. from muzzle, and 
the velocities and pressures shown are 
the averages of 10 rounds. 

Much the same appears to be true 
for the .30-30 Winchester cartridge. 
This has not been included in Ameri¬ 
can Rifleman cast bullet tests; but 
competent cast bullet bandleaders have 
reported fully equaling the factory am¬ 
munition in velocity and accuracy. The 
bullet used almost universally is the ex¬ 
cellent No, 311291, which was designed 
originally for the .30-30. 

Some attention has been given the 
,303 British cartridge in these tests by 
The American Rifleman. Many nom¬ 
inally cal. .30 cast bullets come from 
available molds so much oversize in the 
body that they can be used in the .303. 
But a further requirement is that the 


bullefs forward parallel be large 
enough to fit on the .303 barrel lands. 
The best bullet is No. 311299, designed 
for the .303. In linotype metal it weighs 
a little over 200 grs. Most .303 barrels 
were quite roughly drilled and reamed 
before rifling, consequently the broad 
lands of the bore are comparatively 
rough. This undoubtedly imposes some 
handicap on cast bullets; it is overcome 
well enough with a high-grade bullet 
lubricant, a fiber filler over the propel¬ 
ling charge, and of course a very hard 
bullet alloy. Results indicate that with 
No. 31 1299 it is practicable to equal 
the .303 Mk VI (ai5-gr. bullet at 2050 
f.p.s.). Since they represent a full load^ 
the charges will be tested for pressure 
as well as velocity before publication. 

The .308 Winchester 

This leaves the .30B Winchester 
(7.62 mm. NATO). Like the other car¬ 
tridges mentioned above, it is of less 
volume than the .30-^06, a condition ap¬ 
parently favorable to success with cast 
bullets. Results bear this out. 

A special difficulty however arises 
from the .308’s short neck, causing bul¬ 
lets of medium body length to project 
into the powder space; long-bodied bul¬ 
lets can hardly be used. The obvious 
remedy of choosing a bullet short¬ 
bodied enough not to project below the 
neck is difficult because there are few 
such bullets which also meet other re¬ 
quirements. Lyman No. 311334 and 
especially Saeco RG4 are most suitable 
when the rifle barrel permits seating 
bullets only deep enough to cover the 
lubricant grooves, leaving the forward 
bullet band outside the case. In some 
new barrels the rifling lands come back 
almost to the chamber, and in these the 
most appropriate bullet seems to be 
Lyman No. 31 1332 which has a short 
body capable of being contained almost 
entirely in the case neck. 

Accurate light loads with cast bullets 
in the ,308 are prepared with ease, 
given a correct bullet. Medium power 
loads in these experiments have so far 
been limited to 2000 to 2100 f.p.s. Ex¬ 
cellent charges giving about this veloc¬ 
ity are 34 grs. IMR 4895, 37 grs. Hodg- 
don H-380. and 44 grs. Hodgdon 
H-450. The usual requirements of lino¬ 
type metal and high-grade bullet lubri¬ 
cant apply. A fiber filler is beneficial 
even with the slow-burning H-450 pro¬ 
pellant, After the charge of H-450 is 
dropped into the case its level is low¬ 
ered well below the case shoulder by 
tapping; then one gr, of kapok or Dac¬ 
ron fiber is tamped into place, pushing 
it outward into the .shoulder. 

Poor target accuracy has been the 



Medium power cast bullet loads inic 
short-necked .308 Win. (7.62 NAT0)c 
tend to leave lead on case mouths 
neck (arrows). This does not resultJ 
bore leading or prevent accurate stio 
in otherwise correct loads. 


greatest complaint against cast bul 
The accuracy obtainable is therefor 
fundamental question. No precisej 
swer is possible for any amnm 
whatever^ not cast bullets only, Slill| 
question is pertinent and an elTort ^ 
be made to answer it. 

A reasonably good answer is : 
for light loads. Long experience ini 
investigation indicates that with a i 
erate degree of care and competen ^ 
loading, an accurate rifle, and coi 
sponding shooting ability, such loadsj 
,30-'06 after development by the 
should average 1V4" diameter 
5-shot groups at 100 yds. One riflei 
who for years devoted primary 
tion to these loads, and kindly 
in the present work, would have 
much concerned if more than a' 
few of his groups fired in heavy-b 
rifies had been as large as 1”. T 
given to show what is possible, 
users (no one knows how many); 

100-yd. groups several inches to a f 
across. That is not necessary, as 1 
ammunition at least. Some sugge 
will be given for trouble shooting. 

Much less is known of the 
accuracy of medium power casEl 
loads, primarily because nearly 
work on them in this investigaliort 
been directed toward finding the fai 
fundamental to reliability, rather' 
toward much refinement. With \kt 
perience available it is believed 
the present stage, well-made loadtjf 
this kind in .30-'06 should make tali' 
groups about twice as large as lifl 
match ammunition and some 
larger than from good sporting 
nition. An expert rifleman having a J 
'06 rifle from which he can shoot J 
groups with match and IV 2 ** 
with sporting ammunition, appan 
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: Md expect about T groups with 
tliese medium power loads properly as- 

Some testing has been done on me- 
J to power cast bullet loads in the .308 
[Winchester cartridge, assembled with 
, iOEnc attention to refinements. They 
were fired in a bench-rest rifle with bar¬ 
rel of 1^" diameter, and in 2 
^•rifles, and the firing was limited to 
1 25‘yd. indoor test range. Five-shot 
jfTOups averaging one minute of angle 
itie obtained. This is of course 
I .aaleriylly larger than would be ex¬ 
pected of such rifles with the ammuni¬ 
tion ordinarily used in them, but these 
Imited results do indicate a respectable 
ItOLiping potential. These medium 
power loads thus are not crowded to 
[be limit or otherwise marginal. It 
tod be mentioned also that the Saeco 
htt^giocers have obtained match-rifle ac¬ 
curacy with them. 


[Trouble shooting 

It dearly would be useful to know 
just why some hand loaders do poorly 
with their cast bullet loads though oth- 
cra do well. Specifics are needed. The 
flowing gives them positively rather 
than negatively. 

The rifle must be clean to start. Foul- 
bg from jacketed bullets destroys cast 
yiet grouping. The shooter must re¬ 
move it with good brass brushes, sol- 
mu and patches before firing his cast 
bullets. He should do this even when 
[ changing from one cast bullet load to 
niolher. Thorough cleaning be- 
copes especially necessary when the 
bore brush is felt to move tighter to¬ 
ward the middle of the barrel. See the 
earlier remarks on bore cleaning, 
j The rifle must be shot accurately. 
^Obviously, but this refers to a special 
point in testing cast bullets. Some ex- 
piricnced handloaders have pointed out 
ialHE American Rifleman that the 
jpoerally longer barrel time of cast bul¬ 
lets {since their velocity is less than 
that of most full loads) tends to en- 
ge groups shot from a rifle held 
loosely on bench-rest. These shooters 
tgest testing from prone position 
with sling, from which solid position 
there is no trouble. Much the same can 
be accomplished at the bench by grasp¬ 
ing the fore-end of the rested rifle with 
the non-firing hand and pulling back 
solidly against the shoulder, minimizing 
any irregular movement until the shot 
has gone. The shooter's elbows must 
of course remain solidly on the bench. 
Such procedure is important with light 
rifies, and also with those (Springfield 
M1903 and original Mauser 98) hav¬ 
ing a slow striker, which has an aston¬ 


ishingly bad effect Testing with care¬ 
ful regard to this point will show the 
ammunition's capabilities more truly. 

The bullet metal must be sufficiently 
hard and strong. Economy is an un¬ 
derstandable desire. But when it leads 
the hand loader to use a metal which 
insures failure, he may w'ish to re¬ 
examine his system of values. It ap¬ 
pears that in all except light loads, the 
use of inadequate bullet metal may be 
the leading cause of failure with cast 
bullets in rifles. Linotype alloy is the 
most nearly adequate among reason¬ 
ably available metals. Even it has no 
more than a limited margin of strength 
for requirements. 

The bullet must not be damaged ex¬ 
cessively in preparation. The sizer- 
lubricator is a splendid convenience in 
lubricating bullets, and a necessity for 
bringing most gas-checks down to bul¬ 
let diameter. For these purposes the siz¬ 
ing die is best chosen at the diameter 
of the bullet as cast. But the available 
bullet may also have to be sized down 
to fit the cartridge or barrel acceptably. 
Then the old-style Lyman dies with an 
internal cutting shoulder must not be 
used. They are no longer made, but 
many are still in service. All current 
sizer-lubricator dies are correctly made 
with a tapered lead-in to center the en¬ 
tering bullet, as well as being properly 
hardened and finished, and these do a 
good job of sizing. 

The bullet lubricant must pertttU ac¬ 
curate shooting. It has been mentioned 
that prevention of leading, while of 
course necessary, is not the only factor 
in choice of a lubricant. Target group¬ 
ing is heavily involved also. In extreme 
cases the groups made in NRA test by 
the same load with one lubricant were 
3 times the size made with another, 
though there was no bore leading with 
either. The handloader can engage in 
almost interminable tests of lubricants 
if he feels so inclined, though he may 
wish to read the article '‘Bullet Lubri¬ 
cants” already mentioned. But if he de¬ 
sires merely to load accurate ammuni¬ 
tion, he can take advantage of work 
done and use one of the best among ex¬ 
isting lubricants. They are readily avail¬ 
able and the cost is insignificant. 
Lyman and Saeco bullet lubricants give 
very good targets, and the standardized 
Alox lubricant has been described. 

The useris viewpoint. The hand- 
loader's own viewpoint is decisive. Suc¬ 
cessfully making and loading cast bul¬ 
lets requires attention to the points out¬ 
lined above. Cast bullets thus are for 
the handloader interested in their spe- 
cial advantages, and in the details 
through which these are obtained. M 


Cast Bullets In Ml Rifle 

Annandale, Va. 

Editor: 

When 1 could no longer obtain cheap 
M2 ball ammunition for use in my Ml 
rifle, I set out to develop a suitable cast 
bullet load. This had its difficulties, since 
to be useful for rapid-fire practice the 
load had to be sufficiently heavy to op¬ 
erate the action, yet it had to be accurate 
enough to permit analysis of shot groups. 

I decided to use 4895 powder because 
it was readily available, plus the fact that 
it bulks up well in the case. Ignition is 
uniform with standard primers even with 
charges one-third below normal. 

For casting bullets I use linotype metal 
or an alloy of equal hardness made from 
automobile wheel weights hardened with 
50-50 solder. The Lyman-Ideal #311414 
gas-check bullet is sized .00 T' over 
groove diameter as insurance against gas 
cutting. This bullet has only one grease 
groove at the heel and it is necessary to 
employ a high quality lubricant. I have 
had excellent results with a lubricant 
made from a 50-50 mixture of Alox 
2138F and beeswax. 

I assembled my test loads in once fired 
Lake City 1962 Match cases, using the 
Remington No. 9*4 primer and a 45.0-gr. 
charge of 4895 powder with a LO-gr. tuft 
of Dacron fiber over the powder charge. 
Cases were mouth chamfered to eliminate 
bullet shaving and bullets were seated 
level with the top driving band and were 
not crimped. 


Test firing 

Test firing was done prone at 100 yds. 
Groups ran about the same as with ball 
ammunition under the same conditions. 

I was careful to remove metal fouling 
from the bore prior to firing so I could 
easily judge degree of leading present. No 
leading was detected after 50 rounds other 
than a light wash from the gas port for¬ 
ward. 

After obtaining my zero, I began shoot¬ 
ing at 200 yds. Functioning was excel¬ 
lent over the rapid-fire stages and accu¬ 
racy was sufficient to hold the lO-ring of 
the “A” target. However, after approxi¬ 
mately 500 rounds 1 began to detect a 
gradual zero change that 1 couldn't ac¬ 
count for. My windage zero had shifted 
about 2 minutes of angle. After checking 
and finding the sights in good order I de¬ 
cided to clean the bore thoroughly and 
fire a few groups with jacketed bullets. 
1 found that the zeros 1 had used with 
jacketed bullets had shifted to the same 
extent. I was puzzled because I did not 
encounter heavy leading, just the usual 
light wash around the gas port. 

On dismounting the rifle and removing 
the operating rod and gas cylinder plug, 
the trouble was immediately apparent. Al¬ 
though the bore had not leaded, small 
particles of lead had shaved from the bul¬ 
lets as they passed over the gas port. 
These particles were driven into the gas 
cylinder where they were deposited on 









the piston face and gas cylinder walls* 
After removing this fouling and reassem¬ 
bling the rifle* it was test-fired again for 
zero. Using match ammunition my sight 
settings were back to norma! and accu¬ 
racy was as good as ever. 

Because of this experience 1 have re¬ 
frained from using cast bullet loads in 
this rifle, it is both unwise and impracti¬ 
cal to tear down an accurized rifle to 
remove leading. However, there is no rea¬ 
son why cast bullet loads should not be 
used in an as-issued rifle where dis¬ 
mantling after each firing is not apt to be 
harmful. 

I found that cast bullets will perform 
nearly as well as their jacketed counter¬ 
parts when due care is taken in making 
and loading them* 

CHAt^LEs E* Harris 


Barrels For Cast Bullets 

/ have loaded and shot cast bullets In 
my cal JO rifles for many years. Recently 
/ tried a favorite load with the Lyman No, 
311290 bullei In a ueir .30-06 sporting 
rifle owned by a friend, and found the 
loaded rounds would not chamber. Rifling 
marks on the bullet showed that the 
bullet ogive (diameter J005''} ivaj too 
large for the rifle bore, fs this condition 
itsifal? 

Answer: It is not usual, but it does 
happen occasionally. 

The iliustration shows 3 rounds of ,30- 
'06 loaded with the No. 311290 bullet 
and tried in 2 new imported .30-'06 rifles 
of different makes. The left-hand and mid¬ 
dle rounds would not chamber fully in 
one of the rifle.s because of interference 
between bullet ogive and rifling lands; this 
is the condition you encountered. The 
right-hand round chambered without dif¬ 
ficulty in the other new rifle* In that one it 
is seen that the bullet band just outside the 
case mouth was marked by the origin of 
rifling; this is often desirable for accuracy 
with cast bullets, but if the resulting stiff¬ 
ness in loading is objected to, it can be 
avoided simply by seating bullets a little 
deeper in the case* The rifling did not 
mark the bullet ogive at all. 



Lyman 311290 bullets loaded in .30-'06 
and tried in 2 new rifles* On bullets a 
and b, rifling lands interfered with ogive 
(arrows). In other rifle, origin of rifling 
only marked .3105^' bullet band on bullet 
c (arrow). 


Your difficulty thus resulted from the 
combination of a bullet with full-diameter 
ogive and forward parallel* and a barrel of 
slightly subnormal diameter on the rifling 
lands. 

Ritle barrels now differ comparatively 
little. The diameters of bullets of various 
types cast in current bullet molds, though 
for the same caliber, differ a good deal* 
Some for cal. .30 measure only ,297'' or 
less in the supposedly land-riding forward 
part, and such bullets can never cause such 
interference. But they are not aligned so 
w'ell in the barrel and do not group so 
well. Under present conditions* it is best 
to choose a cast bullet of full .300" di¬ 
ameter in this part. In the rare cases of 
bores light enough to give interference, the 
trouble disappears after a few hundred 
jacketed-bullet rounds have been fired* 

When the origin of rifling has become 
sufficiently eroded by jacketed bullets for 
any erosion at all to be visible at that 
point, the barrel will accept the Lyman No* 
311299 bullet and that is the best choice. 
No. 311299 was designed for the ,303 

British cartridge, and its ogive forward of 
the leading band is of about *304" di¬ 
ameter* Its body measures a corresponding 
3 14". This of course should be sized 

smaller for caL .30 barrels; .311" is 

satisfactory.—E.H .H. 

Bullets For Small Game 

hiforminiou on cast hnltefs has em¬ 

phasized that for accurate shooting they 
must be made of hard alloy. 1 find that 
hard cast bullets iu my JO-'06 tend to 
slip through small game like full-jacketed 
bullets, and for eflectireness i have to 
ttse a st>ft aUtfy. What else Is possible? 
My mold is for the Lyman No. 311413 
bullet. 

Answer: The long-pointed No, 311413 
performs as you describe on small game 
which is too light to tumble the bullet. 
Several corrections are possible. 

The immediate one is the soft alloy 
mentioned. By careful loading, bullets of 
moderately soft alloy can be made to 
group well at comparatively low velocity 
(1400 f.p.s. )* This is the practical course 
for hand loaders who have a No, 311413 
mold and do not wish to replace it. 

Accuracy at higher velocity requires, 
besides hard alloy, a bullet formed so as 
to be held straight in the rifle bore, as 
already explained by The American 
Rifleman. Such bullets may have a short 
point, a round point (as on the excellent 
No. 311291), or even a flat point if de¬ 
sired for effect; all are available. 

Most of these bullets in cal, .30 weigh 
at least 165 grs. Such weight hardly 
seems necessary on small game. Excellent 
gascheck bullets of 115 to 130 grs* are 
available, with flat point if desired. They 
cast easily, arc economical of metal, give 
light recoil and are pleasant to shoot. At 
low velocity they are practical in soft al¬ 
loy, while in hard alloy they can be fired 
at comparatively high muzzle velocities. 
It appears that many requirements of a 
small game bullet can be met from among 
these.—E.H.H. 


Bore Polish By Lead Bullel| 

A hand loader of many years’ exp\ 
tells me that in his opinion the con^ 
firing of cast huitets imparts a /rw; 
to the rifle bore. Has this been 
erai experience? 

Answer: The opinion you mentii 
shared by many experienced handloj 

It does not agree, however, with j 
vations made during extensive detf 
ment work on cast bullet loads in if 
carried out by The American RifJ 
during a period of years after 1957.® 
observations indicated that the bore? 
.30-'06 rifle was affected very little ifjf 
by the firing of more than i0,(KKl¥ 
bullets. On careful cleaning and exai 
tion with optical aid* the bore 
appeared unchanged. 

The question arises as to wEiyJ 
disagreement. The reason is imcc 
though there are 2 established facts i 
may bear on it. 

One is that accurate shooting wiElid 
bullets requires that the rifle baRl 
thoroughly clean to start. 

The other is that the firing of jat 
bullets leaves fouling, which underj( 
favorable conditions (infrequent clei 
firing of armor-piercing bullets or ( 
types tending to foul) becomes quitej 
ible. It then requires severe deani 
remove. Brass bore brushes are ndl 
ficient in that case^ bore cleaning ] 
other adequate means being necfiS 
along with some time and labor, 
when it does come seems to be 
sudden; the bore continues to look Mi 
under close examination for sorael 
during cleaning, then all at onceiscli^ 

The polished appearance of the 1 
then very striking. Just possibly ihiH 
dition, which as experienced haadlii" 
know is necessary for success witb i 
bullets, has given rise to the opimoflU 
it results from their use.—E.H,H. 


Cartridge Space Filler 

The usefulness of a light spe^t I 
(kapok or Dacron fiber) in redttcidk 
has been pointed out In The AM0 
Rifleman. Loaded into the space I 
powder and bul/eL it holds the pot 
back against the primer and give$ i 
uniform ignition of reduced chargtSfi 
also it tends to protect cast bulleti ^ 
these are used. 

Would not a similar space filler mpu 
full loads which leave an air sped a 
the bullet? 

There is evidence that even a Hd 
space reduces velocity uniformity, \ 
filler would correct this. 

Answer; The American RifleM jysti 
not recommend a cartridge space filtel 
full loads at present. 

While it seems unlikely that a 1 
filler would be dangerous in any way,I 
the possibility may exist and exMi 
testing would be needed, either in a vaii 
of cartridges or on a large scale ia 
or a few cartridges, to settle the poiflijl 
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IHstjwite true that a small empty space 
left by a full charge widens the velocity 
spread, and a light space filler would 
apply a correction. This has been made 
clear by The American Rifleman Tech- 
aical Staff experiments, and confirmed 
Du Pont for a variety of loads. But 
jBie that the relatively small space above 
abosi any recommended full load has 
Diily a limited effect, not enough to change 
rtar> serviceability. When the hand- 
loader wants a highly refined load with as 
my small variables removed as possible, 
Ui is sufficient reason to select a powder 
which in the recommended full load fills 
or Dearly fills the powder space. Such 
loads are practically always available. This 
ji the simplest and furthermore the best 
solufion. 

It thus appears that the filler of one 
piTi or so of kapok or Dacron fiber is for 
Traced and midrange loads. Its useful- 
[itss in such loads is well established.— 
EH.H. 


Kapok Or Dacron Filler 

After using Dacron fiber as a space filer 
jujtjflre Vtghl loads for my 30-06, I found 
of a black residue in some of 
cases. The loads were 7 to 10 
ps. Herettks Unique powder, with Lyman 
J/IJJ9 cast bullet weighing about 1J5 grs. 
h this Bacroti flier unsuiwble? 

Answer: A space filler of Dacron fiber 
b not completely consumed or ejected in 
light loads like the ones described, 
jjtdsome of the fiber may be left melted 
down as a residue. In such loads use kapok 
instead. 

Such fiber fillers (tissue paper also may 
be used) are the most reliable way to po- 
jition a reduced charge uniformly in the 
rcartridge case. (Raising the rifle muzzle 
i just before the shot to position the charge 
* may not be safe or practical.) The filler 
^ also tends to protect cast bullets from the 
liot powder gases; The American Rifleman 
juakes no recommendations for use of 
such fillers with jacketed bullets. 

The American Rifleman investigated and 
f'Jcscribed this use of kapok a number of 
years ago, based on proving ground em- 
^fJoyment in the loading of .30 and .50 
i c^iber ammunition for test of armor plate 
at prc-determined velocities. In continued 
testing here it w'as found that Dacron fiber 
iOl offers some advantages in relatively 
lieavy cast-bullet loads, and it has become 
1 widely used along ’with kapok. In most 
kapok and Dacron can be used inter* 
►tfiangeably, with about equal results except 
(bat the kapok, being lighter, bulks up 
moie and so less of it needs to be used. 

! Also the kapok leaves no residue even in 
. (be lightest loads, where this and its greater 
■^kiuess therefore make it preferable. 

1 Some experience has shown kapok filler 
' Id be successful in ,357 Magnum revolver 
loads, with resultant cleanliness of the cyT 
iider throats. With Dacron a light deposit 
of melted residue interfered with cylinder 
ifljtation (^^Kapok vs. Dacron Filler”, The 
Umerkan Rifleman, August 1970, page 


4831 With Cast Bullets 

/ have been using in my .30-06 a 
load of 50 grs. Hodgdon 4831 powder 
and a moderately heavy gascheck bullet, 
with very good accuracy. Recently how¬ 
ever I found on gauging my cartridge 
cases that they tend to he shortened in 
the body. This has the effect of excessive 
headspace which of course is undesirable. 
What is the cause of this condition? 

Answeri The case shortening is due to 
the slow No, 4B3 I propellant at the charge 
weight used. This occurs in some rifles 
and with some hand loaders but not others, 
for reasons which are unknown. 

The best correction is to load 38 grs. 
IMR 4895 instead. This requires for best 
results a fiber filler of 1 gr. Kapok or 
11/2 gr. Dacron under the bullet. Muzzle 
velocity in .30-"06 is about 2250 f.p.s., 
about the same as with 50 grs. No. 4K3i. 

The No. 4831 can be used satisfac¬ 
torily at the same velocity by loading 2 
grs, weight Hercules Unique or Herco 
next to the primer, then 45 grs. No. 4831. 
The faster ignition of this load prevents 
case shortening. The load requires the fiber 
filler to prevent shifting of the components, 
for best results. 

Note that using 2 grs. of either of 
these fast-burning propellants requires re¬ 
ducing the main charge of No. 4831 to 
45 grs., for the same muzzle velocity. Or 
by loading 48 grs. No. 4831 over the 2 
grs. Unique or Herco, again w'ith a fiber 
filler under the bullet, the velocity is 
raised to about 2375 f.p.s. and the load 
usually still shoots accurately. 

It is worth noting that the faster igni¬ 
tion of these two suggested loads, which 
is quite perceptible, makes them easier 
to shoot well.—E.H.H. 

Sprue Hole Diameter 

Jt is noticeable that the pouring hole in 
hidiet mold cut-off plates is standardized 
in molds of a given make, but varies be¬ 
tween makes. How is the size chosen? Can 
it be improved in an individual mold? 

Answer: The largest size of pouring hole 
in general use is about ,16'' diameter and 
the smallest about .10'^ The difference 
looks greater than these figures indicate, 
and it has a considerable effect in use. 

The diameter of this hole involves op¬ 
posing requirements. A moderately large 


pouring or “sprue” hole makes it easier to 
cast bullets cleanly filled out in the mold, 

A small hole leaves a more nearly perfect 
bullet base, w'hich is important for accu¬ 
rate shooting. A small hole also allows the 
sprue to be cut off more cleanly in very 
hard bullet metals, whereas the large hole 
tends to leave either a lump or a crater in 
the base, or a combination of these (the 
large hole, however, does well enough in 
metals which are soft or no more than 
moderately hard). The size thus requires 
some compromise. 

The hole diameter properly relates also 
to bullet diameter, and it is rather surpris¬ 
ing that little if any notice has been taken 
of this. The gascheck heel of a .22 cast 
rifle bullet is very little larger than a large 
sprue, wdih the consequence that the rough 
and non-square cut-off surface forms al¬ 
most the whole bullet base; when the hole 
is imperfectly centered the result is even 
worse. The same hole is small in propor¬ 
tion to a large-caliber bullet, requiring a 
higher pouring temperature in casting than 
otherwise would be necessary. 

In considering w'hether to improve an 
individual mold in this respect, the user 
should of course remember that all the 
vaiioLis sprue plates supplied with bullet 
molds have produced serviceable results 
over the years. This factor is of interest 
only when one desires the best possible 
bullets. 

In that case, evaluate the hole in the 
existing sprue plate in light of the con¬ 
siderations above. It may be just right as 
it is. If undoubtedly too small it can be 
enlarged with a standard 82® countersink, 
with great care not to go too far. Then 
stone the plate dead fiat and smooth on 
the under side. 

But think carefully before enlarging the 
sprue bole. It is far more likely to be too 
large than too small. The only remedy for 
too large a hole is to make a new plate. 
Drill and countersink the hole in it smaller 
than desired at first, to avoid being misled 
by the burr thrown up at bottom of the 
hole which makes it look smaller than it 
is. Remove the burr to check the hole size 
before finishing it. 

Making a new plate gives the opportu¬ 
nity to replace an old-style thin plate of 
only 14" thickness, with one 3/16" thick 
which is easier to cast with and makes 
better bullets (“Mold Cut-Off Plate , The 
American Rifleman, Sept., 1968, pages 
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arious cut-off results in cast rifle bullets. (I. to r.) Large, 

ull-edged sprue hole, smoother cut-off from large sharp-edged hole, desirable bullet 
ase produced by small sprue hole. 
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Revamped technique improves high-power cast bullet loads 


(Note: Sometimes old ideas can be 
applied to modern products with star^ 
tling success. Here is an instance of the 
kind which should benefit hatidloaders. 
It resulted from experimentation ini¬ 
tiated by the author of this article .— 
The Editor.) 

By E. H. HARRISON, 

Senior Technical Advisor, 

THE AMERICAN RIFLEMAN 

S hooters of 100 years ago used 
paper-patched bullets with great 
success in their large-bore rifles. Now 
the use of paper patches has been 
adapted to modern high power rifles and 
cartridges with results that should please 
bandleaders. 

The writer began this development in 
1966 with several aims in mind* These 
were: 

1. To simplify the bullet-maker’s 
equipment by eliminating the lubricat- 
ing-sizing machine. 

2. To improve performance without 
a copper gas check* 

3. To enable the handloader to make 
a complete rifle bullet. 

4. To improve the perforiuance of 
cast bullets above 2200 Tp.s*, where 
they have been most limited. 

These aims were realized through 
newly-developed methods of making 
and loading paper-patched bullets. 

Experimentation was conducted with 
.30-'06 and .308 rifles and cartridges, 
using lead alloy bullets which were 
wrapped in paper instead of being lubri¬ 
cated as usual with stiff grease. 

As the last large-scale use of paper- 


patched bullets appears to have been 
more than 80 years ago with semi- 
smoke I ess powder, and as most such 
bullets were propelled by blackpowder, 
the use of smokeless powder presented 
at least three major problems. Solutions 
were found to all* 

It can now be said that correctly 
made paper-patched bullets in *30-'06 
give good results without gas checks to 
2000 f.p*s. With gas checks added, the 
200-gr* bullets went to 2400 f.p.s. and 
the 160-gr. bullets to 2600 f.p*s. Nearly 
the same results were obtained in .308 
Winchester. 

What is the patched bullet? 

Unlike the grooved, lubricated bul¬ 
let, the 19th-Century patched bullet was 
smooth and wrapped twice around with 
paper to keep the bare lead off the bore. 
For lubricating and sweeping the bore 
it was usual to load under the bullet a 


wax wad between card wads, or 
grease-soaked hard felt wads* 

Military rifle ammunition began 
the grooved and greased bullet. In 
ain and most European nations 
paper-patched bullet soon took itspla 
These countries used both bullet tyi( 
in their large, blackpowder sporting c 
tridges, and mostly the grooved bultetij 
medium arid small bores. 

American users of specialized ; 
shot target rifles for 200-yd. sho 
favored the paper patch at first, usiij 
special single-layer forms designedJ| 
leave the bullet most freely at thenrnt 
zie, though such patches made it i 
sary to clean the rifle bore for 
shot. These ritfemen went over lo t 
grooved bullet in the 1890’s. The Am 
ican paper-patched bullet lived longi 
in some large blackpowder cartrid^ 
The famous long-range matches 


Some blackpowder cartridi 
having paper-patched t 
(I. to rj *500-3'' Blackp 
Express, .450 Martini-H 
Mk III coiled case, 111 
Mauser Model 71, .45-HK 
2%'^ Sharps Straight, .40 
370 Ballard, .40-65^21 
Sharps Straight* 
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less cartridges, the short bullet seat* and 
the deep rifling require that a good deal 
of the bullet extend over the rifling lands 
Avhere the patch cannot cover it. (The 
blackpowder patched bullet was used in 
shallow-grooved barrels designed for it 
and could be patched over practically 
all the body.) 

3. The high rifling lands and* in new 
barrels, the sharp rifling origin, which 
cut the patch to shreds in firing. 

Development began with cast bullets 
of standard grooved types, both as cast 
and turned in a lathe to experimental 
forms and diameters (photo below). 

Standard blackpowder patch papers 
had been from .0015" to about .003" 
thick, chosen to bring the bullet up to 
the size desired. Bullets and papers thus 
afTect each other. Conventional bullets 
were tested in diameters from .310" 
down to .298" in .002" steps. Patch pa¬ 


Win,, single-shot, bench model with Hart stainless heavy barrel rifled one turn in 12". 
Scope is a Unertl 15X Programmer-200 In Unert! Posa-mounts. Total wt. is 18 lbs. 1 oz! 


pers .002" to .005" thick, tried on vari¬ 
ous bullets, brought them to diameters 
of .307" to .317" over the patch. 

The extreme dimensions did better 
than one might have expected. The best 
however proved to be a bullet turned to 
.301" diameter and patched with paper 
.0035" thick. Diameter of the patched 
bullet then is .313" (the patch is wrapped 
damp and shrinks tightly onto the bul¬ 
let, making an over-all diameter some¬ 
what less than the simple sum of the 
bullet and four thicknesses of paper). 
This combination shot better on the 
whole than any other, it provided the 
greatest practical paper thickness for 
severe smokeless requirements, and it 
gave the advantage of adaptability by 
patching more or less of the bullet 
length to suit different cal. .30 cartridges 
and barrels (see photographs). 

All the bullets were of gas-check 
type. The stepped base facilitates patch¬ 
ing and loading, by preventing a paper 
ridge around the base edge which 
otherwise is hard to avoid. Seating the 
patched bullet in a tight case neck is 
thus eased. The gas check can extend 
performance to somewhat higher veloc¬ 
ities if desired. The stepped base gives 
these advantages and no known disad¬ 
vantages. 

The gas checks were tested by reduc¬ 
ing Lyman checks in specially made 
dies and machining the bullet bases to 
fit. Gas checks had to be smaller than 
the bullet body, to keep target group.s 
from stringing vertically. A diameter of 
,297" to at most .298" corrected Ihis 
and worked well. 

The machined bullets eventually per¬ 
formed satisfactorily. Then a smooth 
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Preedmoor in the 1870's were fired with 
I paper patches, and the buffalo hunters 
lusedthem. Winchester and Remington 
loffered the cartridges, and the paper- 
Ipatched bullets to load them, until about 
I the beginning of World War I. 

There was an attempt to introduce 
paper-patched bullets for handloading 
f the .30 and smaller calibers. Several 
Ideal Handbooks (Nos. 12, 14, and 17 
I have been verified, the last dating from 
Ijl910) listed molds for casting the 
Jfsmooth bullets and made some claims 
■ forthem. Remington actually listed .303 
«Savage ammunition loaded with paper- 
Ifpatched bullets about 1911. Then these 
1 lisltngs also disappeared. 

The last large-scale use of the paper- 
Ipatcheci bullet appears to have been in 
[lheSwiss7.5 mm. Models 90 and 90/03 
rtridges for the Model 1889 Schmidt- 
iRubin rifle. Their 211-gr. bullets of 
,304'" diameter were fired at about 1970 
f.ps. by a charge of semi-smokeless 
powder (“Swiss Military Ammunition” 
li)r Heinrich F. Gricder, The American 
Feb., 1956, pp. 37-38). 
Paper-patched bullets were used on 
I a large scale in the latter half of the 
I9!fi Century in large calibers, primar- 
it)' large-ca liber black po wde r ca rt ridge s. 

^ Some who still load these cartridges still 
! [ise paper patches. The methods of mak- 
: ing up such cartridges have little suc¬ 
cess in the .30 calibers. We thus had to 
I.Atfecover and develop a distinctive pro- 
esdure. Possibly some part of it may 
' bave been discovered by some experi- 
I incnter, but if so, nothing of the kind 
I ks been made widely known. 

These special problems in smokeless 
loadings had to be solved: 

1. The greater heat and pressure 
I vhich smokeless produces (above very 

ligjitloads) without the insulating solids 
I blackpowder provides. 

2. The incomplete patch coverage. 
The short necks of most present smoke¬ 


tridges 
aullets. 
powder 
I-Henry 
1 mm. 
5-100^ 
40-85- 


pnventlonal cast bullets patched during this development, (From left) 311290 
patched, 311332, 311290, 311291, Note that patch turns down a little forward of 
tat band to prevent tearing back. These bullets also were machined to various diam¬ 
eters in trials, and a body diameter of .301" was found to be best for paper patching. 
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Gr<K) ves 0. W' on centero 


Groove width ,032'^ depth *oc^' 
bottoms rounded, ''^ 


.350 - \ . ,$00<,600forie0-sf.bunet)/E 

app,^ ■ 'V-’ *«■«. 

^Same head as 311332 and 311334," 


prepared case necks. 

Conventional grooved bullets of not 
more than ,309" diameter can be used, 
as will be explained. Patch them with 
typewriter second sheets of 9-lb. weight 
,002" thick. 

The patching procedure is based on 
the old standard method, but performed 
and finished differently. 

Lay the bullet on the moistened patch, 
positioned as shown in the illustration, 


How to roll on patch, from Ideal Handbook (see text). 


^99 










. 800 ,; 






*Satne head as 311332 and 311334.'^ '' 

Dimensions of bullets cast in two molds specially manufactured for this developt 
(see text). 


which was published in the early Idd 
Handbooks, 

Place the patch just covering tkap-l 
propriate bullet groove (the reasons 
appear). Press the leading point dw 
into the groove and make sure it staf 
there until rolled under; moisteningviiji| 
saliva helps here. Then, pressing dflW 
hard, roll the bullet the rest of the 
Gather the projecting paper at the 
and twist it slightly. At this point ibl 
patch should be found almost too t!^| 
to rotate on the bullet. 

Now roll, not twist, the tail as fineasj 
possible, with care not to tear the pa[)fl;| 
Then twist it snugly. 

Allow the patched bullet to drfi 
shrinking still tighter. Then clip off k\ 
dried tail close and press it flat agains 
the base. 

Some points: The patch should kj 
wide enough to leave Vi" over-hangiq 
for twisting. The paper should be limpfl 
but not sodden, since that allows it kjI 
tear at the base. It is best to roll [htl 
patch on a rubber surface, which in j 
these trials was heavy sheet rubber cc-J 
mented to a small wooden block. Smei 
the wet paper down on the rubber to I 
anchor it, and pitll back on the 
tighten the patch. 


bullet was designed to the indicated dU 
mcnsions and a mold to cast it was ob¬ 
tained by special order from Lyman 
Gun Sight Division. Unexpectedly, this 
bullet performed only fairly well. It be¬ 
came clear that its traditional smooth 
shape was the cause; the machined test 
bullets had been more reliable because 
of remains of the grease grooves left 
after machining. This forced the design 
of a new, lightly grooved bullet and 
procurement of a new special-order 
mold for it. Both designs are shown in 
the drawings herewith. The small, spaced 
grooves in the second design provide for 
patching to suit any cal. .30 or .308 car¬ 
tridge as will be explained. 

The patch is the old standard paper 
strip with the ends cut at an angle, and 
wrapped twice around the bullet leaving 
the ends almost butting. Old directions 
give procedures for finding the length 
which are unnecessarily elaborate and 
also unrealistic since the dampened 
paper stretches in wrapping. Multiplying 
the bare bullet diameter by Itt gives a 
good trial result. With the .301" bare 
bullet this gives a basic patch length of 
277 X .301" = L89". 

It is best to cut patches individually 
until the patching operation is mastered 
and the preferred length found. Then 
making patches in quantity is quite easy 
by cutting through four to six paper 
sheets at once with a razor blade or 
sharp knife. There were several old pro¬ 
cedures for cutting to dimensions, the 
most usual being to make a template of 
sheet metal and cut around that. 

Most successful so far has been type¬ 
writer paper of 16-lb. weight: it is 
about .0035" thick, A medium quality 
containing 25% cotton fiber is best; 
that of 75% cotton content stretches 
too much when wet. Tightly wrapped, 
the .0035" paper adds about .012" to 
bullet diameter, making the .301" bullet 
measure .313". It is readily loaded in 
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I for the relationship between patch 
I and bullet grooves, note that the length 
I of bullet body which can be patched 
[[depends on the length of the cartridge 
[ deck, and also on barrel wear. Choose 
I among the first three of the five small 
I|^p30ves> specially provided for this pur- 
I jjoso in the second new paper-patched 
I yiet design, for the amount of cover- 
I age which the cartridge and barrel al- 
1 bw. The patch leading edge should turn 
I down into the chosen groove to prevent 
l^ripping back; when the groove is just 
[[covered the patch turns down into it 
Iffjoperly, The first three grooves are 
Rtequired for this purpose, depending 
Mm length of coverage. The two rear 
rjirooves never come into use for this 
I N have some patch anchoring effect. 
[ The patch paper on the old paper- 
Wched bullet often was greased for 
1) lubrication. In fixed ammunition there 
I was always some form of wax wad un- 
I derthe bullet as well. However, the wad 
I did not lubricate the horc in the manner 
Believed. 

r Though smokeless propellants leave 
I little fouling, it soon became evident in 
I (his development that the patched bul- 
I let required some lubrication. Merely 
jpeasing the patch was not enough; a 
I few shots often went into a very small 
IjFOup, then the dispersion increased 
even when there was no noticeable bore 
Pdeposit (there was a stubborn deposit 
I on the case necks instead). The suc- 
[cKsful solution was to rub the patched 
I bullet with a mixture of equal parts 
f Motor Mica (or other solid lubricant) 
and lithium grease before seating in the 
case. About 1 Vi grs. weight of Dacron 
fiber fill is loaded below the bullet as 
Lalready described in The Amencan Rifie^ 
mn for grooved lubricated bullet loads. 
I To prepare the case, expand the neck 
linough to take the oversized patched 
i bullet, and expand the mouth addition- 
i illy to permit starting the bullet without 
j'learitig the patch. The stepped plug of 
tlic Lyman “M'' die does these expan¬ 
sions simultaneously. Choose the No. 
j 31R plug, which has steps of .310" and 
jl4\ and mount it in the “long” style 
of die body supplied. A conventional 
cast bullet of not over .309'' diameter 
[ can be patched with .002" paper, mak- 
* ingit measure about .316"; this requires 
[improvising a slight additional mouth 
ftKpansion, and polishing inside of the 
case neck to preserve the thin patch 
japinst abrasion in seating. 

Seat the bullet in one smooth motion. 
A hesitant motion may let the patch 
stick in the case neck and break loose 
from the bullet. Finally, wipe off the 
Cartridge including the exposed patch 
prface. The grease-treated paper with- 
[stands handling and moisture (iithium 


The author’s 1,200- 
odd firing experiments 
were recorded for 
quick retrieval in a 
Me Bee Keysort sys¬ 
tem of over 1,000 
cards. Holes around 
edge of card are cut 
away according to 
code so that cards of 
experiments with sim¬ 
ilar results will sort 
out when rod is in¬ 
serted through the 
hole governing that 
kind of information. 


grease is waterproof) and the grease 
left on the patch inside the neck helps 
to make the round water-resistant. 

There is only one rule for seating 
depth—seat the bullet to base of neck. 
Differences among lengths of cartridge 
necks and barrel bullet seats are taken 
up by covering more or less of the bullet 
with the patch. 

Obviously this loaded paper-patched 
bullet cannot stand extremely rough 
handling like jacketed bullets, or grooved 
alloy bullets seated over the grooves. 
But it withstands reasonable handling 
and exposure. 

Paper-patched bullets cannot be 
crimped into the case mouth in the 
ordinary way, since it would damage 
the patch. The British .450 Martini- 
Henry patched bullet of some marks 
was secured in the case by two case 
cannelures rolled into mating grooves on 
the bullet. These cannelures were of 


rounded form allowing the bullet to 
move out smoothly, but most handload- 
ing tools cannot roll such a crimp. This 
may exclude paper-patched bullets from 
use in tubular-magazine rifies. 

Bullet coverage with the patch is 
limited by interference from the barrel 
rifling. This cannot be compensated by 
seating the bullet deeper, since these 
paper-patched bullets group poorly when 
seated below the case neck. So the best 
that can be done is to seat the bullets to 
base of the neck, using all the patch 
coverage available there, and extend the 
patch as far forward as the origin of 
rifling permits. Thus the .30-'06 car¬ 
tridge permits more patch coverage than 
the short-necked .308, and worn barrels 
permit more coverage than unworn. 
Any eroded bore before the chamber 
should be polished smooth. 

A bullet having the same body, but 
a shorter forward length exposed, thus 
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is patched more nearly all over and also 
is lighten The 200-gr. bullet shortened 
in this way by machining weighed 160 
grs., and with gas check grouped service¬ 
ably at considerably higher velocity. 

The following loads were successful 
among a great many tested, the bullets 
and loading being in all respects as al¬ 
ready described: 

Approjf, 


Brincll 

Equiv. 



Velocity 

Bullet Hardness Allo^ 

check Charge 

Cf.p.s.) 

in .30-’06 

ZOfrNew PP 

19 

MO 

tin-Jead 

No 

16 grs. 

No. 2400 

1500 


15 

Lyman 
|2 alFoy 

m 

34 grs. 

IMP 4095 

2000 


15 


Yes 

37 grs. 

\m 4395 

2200 


20 

Linotype 

metal 

Yes 

42 grs. 

IMP 4395 

2450 

lea-New PP 

20 

# 

Yes 

44 grs. 
IMR4g95 

2600 

165-311291 

15 

Lyman 
§2 alloy 

No 

15 grs. 

No. 2400 

1500 

# 

15 


He 

34 grs. 
INtR4895 

2000 


20 

Linotype 

metal 

Yes 

37 grs. 

IMP 4395 

2200 

200-311290 

15 

Lyman 
i2 alloy 

No 

26 grs. 
Releder 7 

1300 

# 

L5 

AT 

m 

34 grs. 
lMR4g95 

2000 

Jr 

20 

Linolype 

metal 

Yes 

37 grs, 
IMR4895 

2200 

AT 

In ,306 Win 

20 


Yes 

42 grs. 

1 MR 4895 

2450 

200'New PP 

20 

Linotype 

metsi 

Yes 

35 grs. 
IMR4895 

2200 


Bullet designations above are weight 
in grains and bullet identification. “New 
PP“ means the new design for grooved 
paper-patched bullets described in this 
article. Others are already existing 
Lyman bullets. 

The target grouping of any bullet 
depends so strongly on the rifle used 
that it cannot be specified by itself. 
More practical is comparison with some 
known ammunition fired in the same 
rifle. Under that condition, correct .30* 
'06 and .308 loads with these paper- 
patched bullets have grouped within 
P /2 to 2 times the grouping of best 
match ammunition; thus one minute 
groups with best ammunition have 
meant 1 do-2 minute groups with these 
paper-patched bullets correctly made 
and loaded. This is about the same as 
factory sporting ammuntion of these 
calibers. Up to and including 2000 f.p.s,, 
five-shot groups with the patched bullets 
can from such a rifle be kept within two 
minutes, usually well within. First clean 
the rifle bore well. 

This is about the same performance 
as that of conventional grooved-lubri- 
Gated gas check bullets made and loaded 
in the manner which The Atnerican 
Rifleman has shown to be best. It was 
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Patching and seating of the second special bullet, for use in .30-'06 and .308. (Llofl 
For worn ,30-'06, unworn .30-'06, and unworn .308. Bullet always seated to base if 
neck and patched for given barrel. Patch just covers chosen groove, to turn dgwiii 
it and prevent tearing back. 


attained far more easily with the patched 
bullets, admittedly with the advantage 
of long experience in the grooved-lubri- 
cated type. 

Molds for the 200-gr. bullet will be 
available, since the form reamer remains 
with Lyman. A new 160-gr. mold should 
have the same body and same nose form 
as the 200-gr., which intentionally re¬ 
produced an old Lyman nose form be- 



Case necks should be expanded slightly 
larger than bullet diameter to Ve" depth to 
permit hand starting of patched bullet 


cause it represents about the best c 
bination of comparatively low air t 
and firm alignment in the rifle 
Gas checks at pre.sent must be niadei|| 
by the user as done in this develop 
this does not impede the extensive usedl 
these bullets without a gas check. 

The user must develop an adequaj 
dexterity in patching bullets. Also, I 
some loads (see table) the bullet mdl 
must be softer than for best grocvi 
lubricated bullets, because the 
under the patch is only a little ah 
land diameter and must expand onf 
to work properly. Do not over-do llil 
The user does have to avoid the infl 
presented by this point; there is a decf| 
desire among cast-bullet loaders to i 
inadequate metals, but the loader shoul 
not give way to it unless he enjoys fai| 
ure. 

Prepare the case necks well. Rejed 
rounds in which the patch has cauglii 
and torn during bullet seating; thiil 
trouble will disappear with cor: 
prepared bullets and cases. 

Good results can be obtained (sw 
table for loads) with conventional cast 
bullets which are not above .309" di¬ 
ameter, patching them with .002'' papeiii 
A handloader already possessing sudi 
bullets thus can start without any adil 
lionai investment. 

This paper-patched bullet develi 
ment is not meant to supplant the 
ventional lubricated cast bullet but ta 
give the handloader something new ami 
different, with the possibility of per-J 
formance improvement. As in con' 
tional cast-bullet loading, these 
bullets will respond to users who km 
and understand them. I 
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Kapok v$. Dacron Filler 


' Editor: 


Greeneville, Tenn. 


It is as impoFtant to discuss the failures 
^«it is to report successes. With this in 
lind I should like to report on the use 
■ of Dacron filler in heavy revolver loads, 
in particular the 357 Magnum, 

We have been using Kapok filler on top 
of liO gr. No, 2400 in this caliber with 
fee success, and have noted the resultant 
litolincss of the cylinder throats. 

However* when equal amounts of Da- 
' trcn were used, the gun became difficult 
10 cock after a few shots. Examination 
ityealed a light deposit of melted Dacron 
Ml the breech end of the barrel, which 
bid built up impairing cylinder rotation. 

it would seem that Dacron is not suited 
10 tbb application. 

Fred C. Gettings 
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Antimony For Bullet Metal 

Handfoaders who cast large quantities 
o/ must use antimony to harden 

rtffr bulki metal as required. Straight 
metal is available, but must be 
up to practically red heat to melt 
I fliwf alloy it with lead. This requires 
and procedures which are m- 
and not always available. 
I The American Rifleman has pointed 
j oni correctly that the various type metais 
I sff in tkemselves superior as bullet ai- 
bjfJ. md also that antimonial lead (6% 
so) does well. These, however, can^ 
mt harden a large quantity of lead, but 
iirJWf be used as they are, and that would 
k expensive in large-scale use. 

Clubs and police departments, and also 
Mhidual handgun competitors who prac¬ 
tice a lot to keep up their scores, get the 
of their metal from recovered bullets 
^plemented by scrap lead. It is neces- 
jsry only to add sufficient make-up anth 
flwny and a little tin, and it is for this 
tkst antimony in a more practicable form 
h needed. Can you give any advice in this 

1 miter? 

Answer: Antimony is tractable when 
jiealioyed with a limited amount of lead. 

:' This is seen from the temperatures in- 
Idved: 

I “F. 

[Melting temperature, pure antimony 1167 
[Melting temperature, 50-50 anti- 
{ mony-lead 

— melting begins 477 

— melting completed 910 

A usual casting temperature, 
bullet alloys 650 

The alloy of equal parts antimony and 
lead is what one gets with the recom* 
(Beaded procedure for handling straight 
antimony—that is, pulverize the anii- 
mony, melt it by some special means, and 
miK in an equal amount of lead. The re- 
Rilting alloy melts at a lower tempera¬ 
ture than antimony itself, and [|s use to 
* bniden a larger quantity of lead is with- 

li 


in the capability of the ordinary bullet¬ 
casting furnace. 

A metals manufacturer can readily 
make up this concentrated alloy; and 
there is little additional cost since in 
general simple alloys are supplied at 
about the price of the pure metals in 
them. (The buyer thus would have to 
pay also for the lead in this alloy, which 
would not cost much.) 

For the user not equipped to melt and 
alloy straight antimony easily, the best 
course is to try to buy his antimony al¬ 
ready mixed in equal parts with lead. 
—E.H.H. 

Shedding Gas-Checks 

/ believe the gas-checks on my cost bul¬ 
lets are coming off ui flight. Docs this 
harm the shooting accuracy? If so, how 
can / prevent it? 

Answer: Gas-checks do tend to come oil 
in flight. They were designed to do so in 
the form introduced in this country by 
J. H. Barlow of the old Ideal Manufac¬ 
turing Co. about 1905. The gas-check was 
a plain copper cup and the bullet shank 
for it was tapered, facilitating the gas- 
check dropping off after discharge. Both 
these features remain in existing gas-checks 
and gas-check bullets, with the exceptions 
described below. 

Gas-checks may leave the bullet at or 
very near the rifle muzzle. They veer from 
the line of fire by angles up to about 30"", 
and may travel 25 yds, or more. Whether 
they are coming off is determined readily 
by firing through a large sheet of paper 
six to ten feet from the muzzle, far enough 
not to be torn by the muzzle blast. Fire 
ten rounds to detect any marginal condi¬ 
tion in which only some of the gas-checks 
come off. 

Loss of the gas-check is not likely or 
important in light loads. It becomes in¬ 
creasingly likely to occur in medium and 
heavy cast-bullet loads. The experience of 
The American Rifleman Technical Staff 
is that it has a bad effect on shooting ac¬ 
curacy, besides the accuracy impairment 
from the heavy charges themselves. It is 
thus worthwhile to keep the gas-checks on 
as long as possible when such loads are 
fired. The following procedures all help: 

• Use Hornady gas-checks. These are 
made with a thickened edge, which is 
crimped into the bullet by passage through 
the lubricating die and holds considerably 
belter than a plain cup. 

• Select a bullet design having a straight 
rather than tapered gas-check shank. The 
excellent Saeco gas-check bullets have 
straight gas-check shanks. 

• Use a high-grade bullet lubricant. 
While its effect is indirect, it is markedly 
helpful in keeping the gas-check on. 

• Load 1 to IVi grains weight of kapok 
or Dacron fiber under the bullet. This 
procedure, recommended here for only 
cast bullet and not jacketed bullet loads, 
lessens the tendency of bullet metal to 
melt under the gas-check and release it. 


Pencil Solves Casting Problems 

Madison, Wis. 

Editor: 

Two of the more annoying problems that 
occur while casting bullets can be solved 
with the help of an ordinary lead pencil. 

The first problem is that of the bullet 
refusing to drop from the opened mold. 
The tip of the lead pencil is run around 
that half of the offending mold cavity until 
the cavity is well covered with graphite. 
Loose graphite must then be blown from 
the cavity or else the following cast bullet 
will have liny pit marks. If this does not 
work, then other conditions such as nicks 
or burrs are present and require correction. 

The second problem is leading on the 
underside of the sprue plate and on top 
of the mold block, the result of cutting the 
sprue before the metal has sufficiently 
cooled and hardened. 1 initially postpone 
this trouble by running the end of the lead 
pencil over these parts while the mold is 
still cold. 

When the problem comes up in casting, 
T remove the leading with a razor blade 
held at a very shallow angle and then apply 
the graphite to the problem areas. These 
areas can be treated during the casting, 
while the mold is hot, by exercising a little 
simple caution. 

This graphite solution is easy and cheap, 
and it need be applied only on selected 
areas. It has none of the nuisance of a 
spray, that has wide coverage and may 
keep the bases of bullets from filling out as 
they should until a considerable amount of 
casting has been done. 

Vernon F. Schultz 


Hardness of Bullet Alloys 

Bullet metals have been described by 
The American Rifleman by their Brinell 
hardness. Can you state the hardness of 
various bullet alloys? 

Answer: Following the text are the com¬ 
positions and Brinell hardness numbers 
(BHN) of standard type metals and of 
some alloys which have been used for cast 
bullets. 

The American Rifleman has published 
this before, but such standard information 
does need to he repeated. An explanation 
also would he in order. 

The limiting factor in cast bullet per¬ 
formance is strength of the maieriak 
Hardness is not the only measure of metal 
strength, but it is the most practical and 
useful single measure. Among the standard 
methods of measuring and specifying hard¬ 
ness, The American Rifleman staff chose 
the Brinell because a Brinell measurement 
adequate for this purpose can be made in 
almost any shop, and because the Brinell 
hardness numbers {unlike those in some 
other systems) are directly proportional to 
the hardness. For example, in lead alloys 
a BHN of 20 represents almost exactly 
twice the hardness and strength of BHN 
10. These factors make the system rela¬ 
tively easy to apply and understand. 
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Non-$m0king, powdered fluxes, like Marvelux, are more pleasant to use than waxes or 
greases^ and have a very effective action. 


Stir the metal vigorously and scrape the sides and bottom of the pot to dislodge Impurities^ 
which are skimmed and discarded. 


The printer’s type metals are prominent 
in the table because they are designed for 
the same qualities that cast bullets should 
have—easy and smooth casting, hardness 
and strength appropriate to the use, and 
practicable economy. The simple tinTead 
mixtures long used and recommended were 
suitable in black-powder cartridges, and 
still are more or less so in current revolver 
cartridges (not pistol cartridges)* They are 
quite inadequate for any but light and very 
light loads in cal 30 and like cartridges. 
These alloys, including the costly and in- 
effective ITo-lO tin-lead, for half a cen¬ 
tury had a crippling effect on the hand¬ 
loading of cast bullets in rifles. 

The alloy which meets more severe de¬ 
mands as a bullet metal than any other is 
linotype. Monotype and stereotype metals 
are too brittle, because of their extreme 
antimony content; but they readily may 
be diluted to equivalence with linotype. 
Electrotype is the superior softer alloy. 
Lyman No, 2, in between, is good and 
should be chosen when the sprue plate of 
the mold used does not cut off the 
stronger linotype metal satisfactorily. 

Bullet metals made up from scrap are 
successful according to the degree in which 
they reproduce the above. The measured 
hardness is the best guide in this.—E.H*H, 

COMPOSITION AND HARDNESS OF 
COMMON ALLOYS 




Antr- 



Alloy 

Tin 

mony 

Lead 

BKK 

% 

% 

% 


Monotype 

9 

19 

72 

28 

Stereotype 

6 

14 

80 

23 

Linotype 

4 

12 

84 

22 

Lyman No, 2 

5 

5 

90 

15 

Electrotype 

3 

2.5 

94.5 

12 

l-to-lO tin-lead 

9 

_ 

91 

11.5 

l-to-20 tin-lead 

5 

— 

95 

10 

l-to-30 tin-lead 

3 

— 

97 

9 

l-to-40 tin-lead 

2.5 

— 

97,5 

8.5 

Lead only 

— 

— 

100 

5 


Kapok In Handgun Loads 

Greenville, Tenn. 

Editor: 

The American Rifleman has made known 
the use of a kapok filler in cast-bullet loads 
in rifles, I have tried the kapok with good 
results in cast loads in .30-'06. 

Relating this to the .357 and .44 Mag¬ 
nums, and in not only light loads but 
heavy, as well, there is a definite benefit 
in using that tuft of kapok on top of the 
powder. 

In these magnums a hard fouling ordi¬ 
narily accumulates in the revolver cham¬ 
bers just before the case, and also in the 
barrel cone. It may not hurt accuracy, 
but it is almost impossible to remove by 
any normal cleaning means, and possibly 
may be a place for corrosion to start, so 
it is disturbing. 

The kapok added to the loads appar¬ 
ently prevents this build-up. So far as 1 
can see it really works* 

Bkic Park 


Patched Bullet Seating Depth 

In loading ihe paper-patched bnUeis 
described in The American Rifleman, 
should the bullet he loaded so as to press 
the patch into the barrel rifling before 
firing? Certainly with some other kinds of 
bullets a long fump there is undesirable. 

Answer: A long, free run to reach the 
rifling is quite undesirable for paper- 
patched bullets. Loading so as to press 
the patch against the rifling is far belter. 

Alternatively, the bullet may be loaded 
barely short of contact with the rifling* 
Target grouping will determine whether 
this is preferable to loading for positive 
contact. 

This adjustment was easy to make in 
the old, large-bore, blackpowder car¬ 
tridges for patched bullets, in which the 


Alter fluxing and skimming, the surface of the melt should be bright and clean. You are 
now ready to start casting again. 


Paper-patched bullets should be s&at» 
to base of case neck, and patched» 
paper projects as far as rifle barrel allot 
(arrows). 


cases were either straight or had 
necks, and the barrel rifling usually 
shallow. It is less easy with the 
necked *30-'06 and especially the .30S^3Jii 
with the high rifling lands of their 
Paper-patched bullets do not shooi to 
when loaded in such cartridges with ill 
bullet extending below the case neck 
Therefore, as explained in the orig' 
American Rifleman article (“Paper Pat 
ing Makes A Difference/* Mar,, 1911,% 
18-22) the bullet should be seated just 
base of the neck, and patched so the 
projects from the case mouth as far as 
individual barrel rifling allows. The bulla 
design must permit this.—E.H.H. 


Clockwise from above. 


Whenever you add metal to the pot, or if dirt or oxides accumulate on the metal surface, 
you should flux the melt well. 
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.450 Martini Henry cartridge and its patched bullet. Note that lubricant is applied 
to bullet patch, with no reliance on the wax wad for lubrication. 




Wads Under Patched Bullets 

k m article inlroducing ihe hading of 
fper-patched buUeis in tnodern smokeless- 
pvder rifles (“Paper Patching Makes a 
BiSerence’*, The American Rifleman, Mar, 
1972, pp, 18-22) there appears this remark: 

‘T/if patch paper on the old paper- 
patched bullet often greased for lubri- 
toiioih In fised ammnmiion there w'as 
some form of ivax wad under the 
kitllet as well. However, the wad did not 
Ihbricate the bore in the manner believed." 
I Just what is meant by that iast statement? 

( Answar: The above paragraph was in- 
J diided as part of an explanation of patched 
/ btilkt lubrication, and the last statement 
I was to caution readers against the usual 

1 -^ belief that a grease wad in blackpowder 
^munition lubricated the rifle bore. 

The matter appears to have been best 
^covered in the British Treatise on Military 
^Smli Anns, 1888, an official publication 
which preceded the British Textbooks of 
I Smii Arms. The text on that point is as 
|,)lbilows (p. 83): 

Tt used to be generally supposed that 
wads of wax or grease lubricated the in¬ 
terior surface of the barrel as they were 
dfiven from the breech to muzzle, and were 
gradually expended as they passed up the 
bore by being smeared on its surface. That 
ihis is not the case can easily be proved 
by an examination of the wax wads which 
have been fired from a Martini-Henry 
rifle. Numbers of these wads can be 
picked up on any range where these rifles 
are fired, and they will be found to be of 
[he same weight as similar w'ads taken 
from unfired cartridges, and only differing 
from them in having been set up into the 
rifiing. The wads do not lubricate the sur¬ 
face of the bore, but rather tend to remove 


the fouling by their scouring action.'* 

The wax wad in the Martini-Henry car¬ 
tridge was deeply cupped and was held 
between millboard disks (see illustration), 
to insure upsetting outward into the rifling. 
The description of wads picked up after 
firing as being set up into the rifling shows 
that the design was successful in that pur¬ 
pose. If any wad could have lubricated the 
bore it would have been that one.— 


Bullet Casting Methods 

/ note that many bullets are cast from 
bottom-pour pots, dropping a stream of 
the moiten metal to the bullet mold held 
a convenient distance below (up to an 
inch or so). Some handloaders now do 
the same even in casting with the single 
covered dipper, simply pouring from the 
dipper through the mold sprue plate in¬ 
stead of setting the dipper spout into the 
sprue plate hole and turning mold and 
dipper upright together, the traditional 
method. Gang molds always have had an 
open-trough sprue plate into which the 
metal is poured. What then becomes of 
the old instruction that the traditional 
method described above is required to 
make good bullets? 

Answer The American Rifleman Tech¬ 
nical Staff investigated the effects of 
these different methods, most recently dur¬ 
ing NR A test of new Ohaus bullet molds 
{The American Rifleman, Mar. 1972, pp. 
56-58). 

Bullets were cast in two ways—with 
dipper nose held to the plate in the con¬ 
ventional way, and with the metal simply 
poured through the plate from the dipper. 
Ohaus No, 358150K bullets cast the old 
way gave slightly heavier bullets, average 



Handgun bullet cast by pouring through 
sprue hole (r.) compared to one cast 
conventionally with dipper held in sprue 
hole. Difference is mainly in base edgej 
rounded edge is a slight practica! ad¬ 
vantage in use. 

ing J gr. heavier than those cast by pour¬ 
ing from the dipper. But the weights of 
bullets were about equally uniform, the 
range in 10 bullets of each type being .8 
gr. and 1.0 gr, respectively, a difference 
which was not significant. (The bullets 
were cast in a two-cavily Ohaus mold and 
were taken as they came from both cavi¬ 
ties, so the small weight spreads speak 
well for the accurately matched cavities 
also.) 

Other American Rifleman tests likewise 
have indicated excellent uniformity in 
poured bullets, for example the .41 Mag¬ 
num handgun bullets cast in that way 
with the Lee mold and open dipper {The 
American Rifleman, Dec. 1971, pp. 72- 
75), in which the weight spread from 
that single-cavity mold was about ,4 gr. 

As a matter of interest, the small 
weight difference produced by the two 
casting methods lies evidently in the rela¬ 
tive sharpness with which the bullets are 
filled out (see photograph). The quality, 
however, as indicated by weight uni¬ 
formity within each class, appears to be 
the same. 

Thus the old claim that casting under 
pressure is necessary for making uniform 
bullets did not stand up well. 

But note two points. For one, the 
pouring in these tests was done from a 
dipper, not directly from a bottom-pour 
pot which, therefore, should not be as¬ 
sumed to give equally good results until 
the product has been check-weighed. 
Checking should be done even if pouring 
from a dipper, since not all users will 
perform this action the same. 

The other point to note is that all the 
foregoing is for handgun bullets only. 
These cast easily because of their short, 
wide proportions. Long rifle bullets are 
less easy to cast w'ell, and the weight 
difference produced by the different ways 
of using the dipper is greater than with 
handgun bullets, though the uniformity 
within each type can still be good (re- 
grettabiy not true in pouring direct from 
the pot, however). Such rifle bullets cast 
in the conventional manner can be kept 
well within a weight spread of 1 gr. for 
10 bullets, and one should not be satisfied 
with another method unless it does as 
well.—E.H.H. 
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Handloaders, 
Prepare Your 
Own Alloys 

In a charcoal blast 
furnace made at home 

ByJ. M.WICKENDEN 

T he long and careful investigation 
of cast bullets carried out by The 
American Rifleman produced the first 
authoritative definition of the mechan* 
ical properties and configuration of suc¬ 
cessful bullets of this kind. 

Early in the work it became evident 
that the lead-tin bullet alloys so long in 
use are weak and deficient for veloc¬ 
ities above 1500 f.p.s., failing by plastic 
deformation (slumping) when acceler¬ 
ated from rest. In consequence the in¬ 
vestigation was extended into the field 
of alloys in search of a bullet metal 
having superior mechanical properties. 
Among the easily managed alloys of 
lead, linotype metal (average composi¬ 
tion 84% leadj 4% tin, 12% antimony) 
is outstanding in its resistance to abra¬ 
sion and plastic flow. Handloaders have 
accepted these criteria so generally as 
to cause a newcomer to bullet mold 
manufacture (Ohaus Scale Corporation) 
to base the dimensions of his molds on 
the expansion coefficient of linotype 
metal. 

But the problem of getting linotype 
metal has been frustrating. Newspapers 
have often brusquely refused to sell 
metal and the small buyer may have 
little success with print shop suppliers. 
And now the photomechanical process, 
which eliminates the linotype machines, 
is rapidly coming into use on small 
newspapers. 

With the prime source of linotype 
metal dried up, the bullet caster may 
be forced toward the only permanently 
successful solution of his supply prob¬ 
lem—preparing the alloy himself. 
Preparation of linotype alloy from 
its component metals is difficult for the 
bullet caster because of the high melting 
point of antimony—li67'’F. The inex¬ 
pensive and easily-built charcoal blast 
furnace detailed here substantially ex¬ 
ceeds this temperature. It makes the 
alloying operation practical. 

TTie blower is a junker vacuum clean¬ 
er, available anywhere. It will be neces¬ 
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Blower, damper, and firebox for melting antimony in a crucible. Weight (ai 
damped to damper shaft is means of adjusting angle of inside vane. 


sary to improvise a duct to lead the 
vacuum cleaner air output into the 
damper housing. As the photograph 
shows, a transition of light sheet steel, 
silver soldered, is an effective solution. 

After the blower and damper have 
been connected by the transition, the 
assembly can be made rigid and ma¬ 
neuverable by mounting it on a light 
steel plate. Small members and tack 
welds are more than adequate. 

The firebox and grate are straight¬ 
forwardly simple. Although it would be 
laborious, the grate could be cut out 
with a cold chisel and the edge ground 
until the grate drops freely into position 
on the firebox lugs. 

All materials for the furnace are 
readily available and a competent welder 
can do the fabrication in two hours or 
less. 

Any vacuum cleaner you are likely to 
find will deliver many times the opti¬ 
mum volume of air, so its output must 
be metered. Whenever the flow of air 
into the firebox exceeds the transporting 
velocity of smaller burning particles, 
the performance of the furnace becomes 
wasteful and potentially dangerous. An 
adjustable damper therefore is necessary 
to regulate the air flow. 

Note that the vane and rod subas¬ 
sembly must be in place in the damper 
housing before welding the housing end 
plates. In addition, it would be a good 
idea to peen the ends of the screws at¬ 
taching the vane to the rod. 

Thin-wall plastic pipe, secured by 
clamps, carries the air from damper to 
firebox. 

Adjusting the damper is quite simple. 
When the briquets are evenly aglow, 
free the setscrew on the counter-weight 
hub, which will allow the weighted arm 
to swing freely on the vane rod. Close 
the damper by means of the lever at 
the end of the vane rod and start the 
blower. Slowly, while watching the fire, 
open the damper until satisfied with the 


rate of combustion. Finally, secure lN| 
setscrew on the vane rod and Uk! 
damper will hold the adjustment, V«J 
will intuitively recognize an effici 
fire—clean, bright and fierce. 

I made a crucible for the antin 
by welding a bottom into a 3'' length of 1 
3"' steel pipe and adding a handle i)f| 
Vi" round steel. A pouring lip 
formed by red heating a spot on Ifel 
crucible rim and forging it out withl| 
dull cold chisel. 

Electrolytic antimony is availaJ 
from the dealers in base metak 
yellow pages of the Seattle dire 
for example, show several sources, Piicl 
at this time is $1.10 per pound, plml 
shipping. 

Prepare the antimony for melting bfl 
breaking it into small particles. Eo-I 
closed in a pouch of strong cloth siidi| 
as denim or canvas, it is easily pulw 
ized by hammering it over a smo 
hard surface. Before melting, cover tlii| 
metal in the crucible with a layer ( 
powdered charcoal, which will red 
exposure to oxygen and retard drossiii| 
Melt the lead and tin together in a pil 
as usual. When the antimony in il*| 
crucible has melted, take the cmcibl 
out of the furnace and add the aaiil 
mony to the lead and tin. Pour veijl 
slowly, and stir not only during the 
dition but at least 30 seconds longer k| 
assure uniformity of alloy structure.i 

Carbon monoxide—odorless, tastelfi 
and invisible—is one of the gasefl 
products of charcoal combustion. It ii| 
poisonous to breathe. Massive inbal 
lion deprives the body cells of 
prolonged massive exposure brings oi| 
collapse and death. 

This warning may appear to k| 
credence when we consider that 
lions of meals are prepared without b| 
cident over charcoal grills; but nocofrl 
tradiction exists. The explanation is tbalI 
a small quantity of charcoal burned iij 
a well ventilated area cannot prda 
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^ a damaging concentration of carbon 
[notioxide. 

Tliereforej use the furnace where the 
l,T()peration can be briskly cross-ventilated, 
? Of drive the off-gases up the flue of a 
|\fireplacc. 

Wear thick gloves when handling the 
lot crucible, and never handle molten 
^jBfital without eye protection, 
jfirodiiction of good bullets demands 
ipuloiis attention to fundamentals, 
I am convinced few casters know the 
I jjfime importance of frequent thorough 
iuxtng. Oxidation losses proceed rap- 
at casting temperature and degrade 
I llie alloy below specification. We must 
L accept the fact that these losses are 
j beyond control with the bullet casting 


Aluminum Sprue Plate Success 

Albany, Ga* 

Editor: 

After reading “Aluminum Sprue 
Plate Rated High'* in the March, 1973, 
Bsue of The American Riftemant 1 
I liiought rd try one on an old four- 
cavity .38 wadcutter mold I'd acquired 
I jjQ a swap. 

The blocks were really a mess, so 
after cleaning as best as I could with a 
i soft wire brush and solvent, 1 lapped 
[ out the cavities. This was done by tak¬ 
ing some bullets which matched the 
mold (one for each cavity) and drilling 
a small hole into the bases of the bullets, 
; A aail was then driven in so the bullet 
* could be chucked into an electric drill. 

' Fine valve grinding compound was then 
' wiped on the bullets and each cavity 
polished by closing the mold lightly 
ground the bullet, polishing only enough 
to remove the remaining rust and 
smooth the rough surfaces. 

After rinsing the blocks in solvent 
and making the aluminum sprue plate 
I [larding to the article, 1 heated up the 
mold and produced some of the best 
bullets Tve seen. The bases were uni¬ 
form and clean and the edges sharp. 
These procedures have saved me the 
post of a new mold, I hope others may 
profit by them, 

Allen E, Lowell 


Smoking Bullet Mold Cavities 

The old Sch uetzen rifie men often 
l^moked their buHei molds to produce 
better bullets. We never hear of that any 
more. Has it proved to be a bad idea? 

Answer: During its fundamental in- 
' vesti gat ions since 1956 on making and 
loading cast rifle bullets, The American 
> Rifleman has not thought it necessary to 
resort to that expedient. In general it has 
not been necessary. However, smoking 


equipment available to handloaders. The 
only corrective action we can take is 
that of treating the oxides with a reduc¬ 
ing agent—a flux—thus freeing the lost 
metals to reenter the melt. 

The surface of newly fluxed bullet 
alloy is unforgettable: clear, alive, al¬ 
most as reflective as mercury. At this 
moment the melt is in optimum condi¬ 
tion, bright and on grade. Deteriora¬ 
tion begins at once; after only a few 
minutes the surface becomes dull and 
begins to slush with semi-solids. 

Experience alone will teach how fre¬ 
quently you must flux your alloy to 
put it on grade. Stir the alloy at least 
30 seconds after fluxing, to homogenize 
its structure. When you are negligent, 


the mold cavities does help, and it can 
be useful in even a good rifle bullet mold. 

This old practice was reintroduced by 
Lee Precision Manufacturing, in the di¬ 
rections supplied with their aluminum 
molds for rifle bullets. Long rifle bullets 
arc harder to cast well than the short, 
wide bullets of handguns. The Lee direc¬ 
tions prescribe smoking the mold cavity 
in the flame of a paper match. 

The photograph shows conventional 
iron mold blocks for two rifle bullets, in 
which the cavity in the top pair of blocks 



Interior of two conventional iron molds 
for rifle bullets. On upper mold, sprue 
plate has been replaced with one of alu¬ 
minum alloy, and mold cavity has been 
smoked and later used extensively. 


has been smoked in this way and the 
conventional Vs'' steel sprue plate re¬ 
placed with a 3/16'" plate made of alu¬ 
minum alloy. This top pair shows the 
slight darkening of the cavity still pres¬ 
ent after smoking and brushing out, 


your bullets cannot have uniform prop¬ 
erties and accuracy will fall off. 

Fluxing has another beneficial effect 
not so generally appreciated; it strik¬ 
ingly enhances the casting quality of 
the alloy by lowering its surface tension. 

Cast bullet performance is governed 
by a host of interactive variables. Of 
these the shooter has only fragmentary 
knowledge and over their effects he can 
exert little control. Statistically, then, 
the probability of failure would appear 
to be dominant in cast bullet shooting. 

Many decades ago men with skill 
and judgment, men such as Pope and 
Rowland, did the superb shooting that 
proves how deceptive such appearances 
can be. ■ 


followed by casting several hundred rifle 
bullets. 

Aluminum sprue plates were intro¬ 
duced to handloaders by the article 
“Aluminum Sprue Plate Rated High'’, 
The American Rifleman, March, 1973, 
pages 28-29. As stated in that article, 
the aluminum plate greatly improves the 
mold performance. 

The aluminum plate together with 
smoking the mold cavity improved this 
performance still further. Good bullets 
were cast with astonishing ease and 
speed in comparison with the original 
mold. A further advantage is lower tem¬ 
perature of the molten metal required, 
minimizing oxide formation or “dross- 
ing". This effect is so considerable that 
it changes the bullet weight by about one 
grain, possibly due to the minutely small¬ 
er diameter of the mold cavity when the 
blocks are cooler. Accordingly, bullets 
cast at usual temperature of the melt 
should be kept separate from those cast 
later after the practical lower tempera¬ 
ture has been found. 

As to details, the old directions com¬ 
monly prescribed smoking the cavity 
and then brushing it out with a small 
brush which has been well washed. If 
that is not sufficient the mold can be 
smoked again and used without brushing 
out, (For a current reference see page 
159, The Breech-Loading Single-Shot 
Match Rifle by Major Ned H. Roberts 
and Kenneth L. Waters. D. Van Nos¬ 
trand Company, Jnc., 1967. NRA Book 
Service, price $12.50.) 

Both procedures were found to work 
in NRA test. These old directions how¬ 
ever called for smoking in a candle 
flame. The steady candle flame is con¬ 
venient, but the soot from it tends to be 
greasy and any trace of grease is unde¬ 
sirable in a bullet mold. The Lee direc¬ 
tion that it be done with a paper match 
therefore seems better. The NRA test of 
smoking the mold was done that way.— 


I 
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ALUMINUM 

SPRUE 

PLATE 

RATED 

HIGH 

By E. H: HARRISON 
Senior Technical Advisor 
THE AMERICAN RIFLEMAN 


T he Iasi major mechanical improve¬ 
ment in bullet molds was the sepa¬ 
rately attached mold blocks introduced 
by Modern-Bond Co. (later, Modern- 
Bond Corp.) after World War I. This 
made it possible to interchange blocks 
on handles, but the more important re¬ 
sult was to free the loosely attached 
blocks to fit together without interfer¬ 
ence from the hinge. The discontinuous 
attachment also minimized heat transfer 
to the hinge and handles; this however 
does not seem to have been much noted. 

Another feature of the Modern-Bond 
molds was their thicker cut-off or sprue 
plate—3/16" instead of the Vs"' of the 
Ideal and Lyman molds. The thicker 
plate keeps its flatness better. An addi¬ 
tional advantage is its wider and deeper 
pouring recess, which is a material con¬ 
venience in use. There is a less favorable 
effect of the thicker plate which will be 
dealt with later. 

But these improvements are mechani¬ 
cal. There has been practically no con¬ 
sideration, expressed as such, of the 
bullet mold as a device which must ab¬ 
sorb and radiate heat—a few remarks 
like "'heavy blocks hold the heat better'’, 
nothing more. Yet heat and elevated 
temperature are fundamental in the 
functioning of bullet molds. 

The American Rifleman staff there¬ 
fore tried an aluminum sprue plate and 
compared it with well-made tool steel 
plates: The aluminum plate was tested 
with .117" and .140" sprue holes, and 
the steel plates likewise provided large 



>ingle-cavity mold with aluminum cut-off plate (center) is flanked by special ly- 
ool steel plates with which it was compared in tests. Aluminum plate perfori 
)etter throughout. 


■mm 


md small holes (all the plates were 
t/16" thick). For a clear-cut compari- 
on, the plates were alternated on a 
ingle mold for a long 200-gr, cal. .30 
ifle bullet, which is a more difficult type 
o cast well than the short, wide bullets 
>f handguns. The aluminum plate was 
uperior throughout. With a small sprue 
lole it produced good bullets more 
eadily than did the corresponding steel 
fiate, and it made good bullets at a 
ower metal temperature, estimated from 


thermostat settings on the electric mdk 
ing pot as lOO*" F. lower than require 
by the steel plate. 

An obvious objection to alummuij 
here is its relative softness. The 
num used had a superficial Rockwell 
hardness (15 kg. load) of 80, decrcasf 
ing to 73 on the sprue plate after cast¬ 
ing. These figures indicate an aluminiuj 
alloy of moderate hardness which tfic 
heat of casting then annealed 
The plate was unmarred by being 
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j|kiiocked around with a rawhide hammer 
I’^several hundred times, aJid remained 
fully serviceable, h could be made of 
hard aluminum alloy, anodized for addi- 
iional surface hardness if desired, 

The aluminum plate appears to ab- 
Iract less heat from the metal poured 
irough it into the mold, leaving more 
to usefully in the metal. The mecha¬ 
nism is not fully clear. While the high 
rlhermal conductivity of aluminum would 
carry heat away rapidly, there is no sink 
for it to flow into except the mold 
blocks, and the path is through only an 
•fficient contact between plate and 
locks. The plate itself takes up less heat 
[ ihaQ a steel plate of the same size and 
lhai action is in the right direction: but 
on examining the quantities involved 
one finds that the heat capacity fquun- 
[ tily of heat required to raise the tem- 
:raturc of the item by a stated amount) 
fof an aluminum plate is still about two- 
ihirds that of a steel plate of the same 
m, a difference which hardly seems 
iflkient to account for the benefit ob‘ 
iained from the aUiminum. (It is fair to 
I add that the old-style steel plate 
[thus had no greater heat capacity than 


madfs 

rmed 


melt- 

uired 

inum 
lumi- 
kwell 
jreas- 
cast- 
inum 
1 the 
jhtly. 
>eing 


I oM I 


I Venting Bullet Molds 

There used to be a f*reat deal of advice 
fbt bullet molds be "venied'’^ by scoring 
' a from any groove in the mold cavity 
l^t did not fill well. Now one never hears 
I ejiL lf it necessary then, why not still? 

Answer; Two circumstances have caused 
[thlsold practice to be dropped. 

One is that the faces of mold blocks 
f manufactured are machine-scored in 
duction to provide venting. 

The other factor is the gradual realiza- 
[ by users that mold cavities must be 
[erneIy clean. Molds have long been 
i or greased to keep thenn from rust- 
I ing, and the old advice was simply to wipe 
I ihk out before using the mold and bum 
I wit the residue by casting bullets (often 
^ tn extremely tedious procedure). It was 
I stated that this improved the mold. On 
' it contrary, it was fatal to good perform- 
MK. and eventually would ruin the mold. 

The American Rifleman has pointed this 
, ml and described methods of cleaning the 
Bold adequately before use. The most 
|(6fedive is boiling the blocks in detergent 
l^polution just before use; casting bullets 
Awn prevents immediate rusting. Cleaning 
iilh alcohol and some other non-petro- 
I teum solvents also can give good results, 
oleum solvents tend to leave some- 
1 on or in an iron mold which still 
iBttrferes with making good bullets. 

Then the mold should be kept from 
HKtinfif not by putting any oil or grease 
J m it, but by wrapping it up tightly with 
l('PI*lreated paper, or with a little VPl 
powder in the cavity. This will preserve 
I tlic mold from rusting, and leave it ready 
for use as soon as it has been washed out 


ribing ' 


a 3/16'' aluminum plate. This is the one 
advantage of a thin steel plate over a 
thick one.) Lead cannot wet an oxidized 
aluminum surface, while it does tend to 
wet and stick to iron. This characteris¬ 
tic of aluminimi is desirable in itself, 
and possibly it may have something to 
do with the general casting benefit ob¬ 
tained. In any case, the important thing 
is that an aluminum sprue plate does 
provide the advantages in use which 
have been described. 

A user can make his own sprue plate. 
Choose aluminum 3/16” thick, or only 
^ thick if an extreme effect is desired. 
First drill the pivot hole (IT” in most 
molds) and holt I he factory sprue plate 
to the aluminum through the hole. Spot 
the new sprue hole through the original 
factory plate: if the bases of bullets al¬ 
ready cast in the mold show the distance 
from pivot to sprue to be not quite right 
it can be corrected in the new' plate. 
Drill a very small pilot sprue hole with 
a combination drill and countersink. 
Outline the plate on the aluminum, and 
saw and file il lo dimensions. Finish the 
sprue hole with a standard 82® counter¬ 
sink, running the countersink in to ihe 


depth required to produce the desired 
hole diameter. This should be only about 
.12” to start, especially for a rifle bullet, 
since a small hole leaves the most nearly 
perfect bullet base. The hole is readily 
enlarged with the countersink after trial, 
but of course making it small again re¬ 
quires a new plate. Lightly stone the 
top and top edges of mold blocks to 
remove small burrs which would score 
ihc underside of the aluminum plate. 

An aluminum plate can be made in 
this way with hand tools alone. 

One naturally thinks of advantages 
from mold blocks also of aluminum. 
Having less heat capacity than similat 
blocks of iron, they take up less heat 
from ihc entering bullet metal and thus 
allow' it lo fill the mold cavity more 
exactly. That requires lowering the tem¬ 
perature of the molten metal, an advan¬ 
tage in itself as it is with the aluminum 
sprue plate. The Lee bullet mold has 
blocks of aluminum alloy and a Vt” 
steel sprue plate, and works most excel¬ 
lently lAoii'/iciin Rifleman, Dec., 1972. 
pp. 72-75). An aluminum sprue plate 
might have to he anodized to prevent 
galling against aluminum blocks. ■ 



.32-40-165 bullet mold made by Winchester Repeating Arms Co,, in original 
condition. Most such old molds are found with the block faces scratched for 
"'venting” {see text). 


with hot water. 

Some of the old bullet molds indeed 
were finely made, and when one sees their 
closely-fitted blocks he may conclude that 
some special venting must be necessary to 
let the air out as the melted lead enters. 
However, the Lachmiller bullet molds as 
introduced in 1971 had just such smooth 
and closely-fitted blocks. The only venting 
was a light bevel on the top edges of the 
faces, providing a channel for the escape 
of air under the cutoff plate. (Some old 


bullet casters had noticed that it some¬ 
times was necessary to loosen the plate 
hinge screw for the same purpose.) This 
top-edge venting w'orked very w'ell. 

In any case, no special venting should 
be needed by bullet molds now manu¬ 
factured. If the user cannot get his bullets 
properly filled out, assuming clean metal 
and the mold and metal up lo operating 
temperature, the fault almost certainly 
will be that the mold is not thoroughly 
clean.—E.H.H. 
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Recovered bullets Nos, 1 through 5 (from left), described in text. 


For Best Results Be Sure 
Your Alloy Is Adequate 

Bullets should not be loaded 
beyond strength of the material 


By E. H. HARRISON 

SeniorTechnica) Advisor 
THE AMERICAN RIFLEMAN 

C AST bullets have been loaded in 
smokeless powder rifles for many 
years, with mixed success, though there 
has been a marked improvement in re¬ 
cent years. 

Loading cast bullets requires more 
specialized knowledge than loading jack¬ 
eted bullets. The cast bullets must be 
made correctly by the handloader, not 
bought ready-made, and they are me¬ 
chanically less strong than jacketed bul¬ 
lets vvhfch are comparatively so hard and 
strong as almost to assure serviceable 
results. 

The limitation on cast bullets thus is 
in their limited hardness and strength. 
The American Rifleman began in 1956 
a fundamental reexamination of cast 
bullet loading in rifles, and since that 
time has stated this fact repeatedly. Still 
it is not fully appreciated. 

it is best appreciated when seen. Pho¬ 
tographs of fired and recovered bullets 
illustrating the point are therefore shown 
here. 


The photographs and accompanying 
information were kindly supplied by 
Richard Lee, manufacturer of Lee load¬ 
ing tools and bullet molds. Lee re¬ 
covered the bullets by firing straight 
down into his swimming pool and pick¬ 
ing them up off the bottom. He found 
the bullets lost all energy in three feet of 
water, though they were broken on the 
bottom in less depth. The firing was done 
in an inexpensive ,30-'06 Ml903A3 rifle 
with two-groove barrel since it was ex¬ 
pected to get wet. The splashing, how¬ 
ever, was moderate, less than from .22 
rimfires fired similarly. 

The bullets were cast in a Lee mold 
No. C-309-109-F, which means a gas- 
check bullet of ,309'' body diameter, 
weighing 190 grs., and having a flat point 
(“Lee Rifle Bullet Molds'', The Ameri¬ 
can Rifleman, December. 1972, pages 
66-69). These bullets have three body 
bands and a bore-riding forward section. 
They were cast of mostly wheel weights 
with some tin and lead added, and lubri¬ 


cated in a Lyman sizer-lubricator m 
.311" die so the bullet was not sizedii 
only lubricated. 

It was remarked that the recev< 
bullets clearly showed the reason f 
their behavior on target. 

Bullets 1 and 2 were fired wiltijl 
charge of 12.5 grs. Red Dot sbold 
powder. The bands of No. 1 are mi 
have been cut down by the barrel rifll 
and the hot powder gas, and the hSf 
was not rotated; it certainly would 'Iff 
hole” or turn more or less sidewisf| 
flight, making an elongated hole in ll 
target. No. 2 retained enough metal« 
its two leading bands to take soiaeti 
graving from the barrel rifling andpid 
ably would at least remain point oti.T 
load grouped poorly and someshotsb 
holed. 

No, 3 was fired with 15 grs. Red I 
It was not spun at all by the rilling, i 
also was so upset (bulged) by the po 
gas pressure that almost all the nosess| 
tion shows rub marks. 

No. 4 also was fired with 15 grsJdj 
Dot, but the fiber of a milkweed f 
(!— Editor.) was placed behind thet 
let in loading. This small amount of ligll 
fiber actually prevented most oftkg 
cutting. Mr. Lee commented thati 
showed dramatically how a fiber paefe^ 
such as kapok or Dacron benefilil 
load. However, the sharp accelerati(tt)| 
the charge of fast-burning shotgun j 
der upset the bullet until it filled theb 
for nearly the bullet's full length. 

No. 5 was from a load of 23,2grSvtl| 
the slower-burning IMR 3031 powifc 
which grouped well. The rifling cn^ 
ing is clear and the nose rubbed d)| 
slightly on the barrel rifling lands. 
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sing a H die velocity was higher than the other 

;d but ■ loads, as indicated by the bullet nose 

starting to spread and shear off on strik- 
-vered bg water. {The gas check was recovered 

n for and replaced on the bullet before photo¬ 

graphing.) 

'ith a H ^en furnishing these photographs 

otgun H and the data with them, Lee re- 

jen to H marked, ‘in future tests we'll use only 

rifling H linotype.” He was alluding to the obvb 

bullet 9 ous need which the recovered bullets 

"■‘key- H show for a stronger bullet metal, to pre- 

tse in 9 vent this deformation in firing. (They 

n the 9 shoiv also the need for choosing propel- 

:al on 9 lints which neither gas-cut the bullets 

le en- 9 nor deform them by an excessive blow 

prob- 9 on the base, but that is a separate sub- 

. This 9 ject) 

s key- linotype metal is the generally most 

{satisfactory hard alloy for rifle bullets. 
Dot. 9 strongest practical one for that 

and r 9 purpose among all the type metals, 

)Wder L 9 which are by far the most thoroughly 
e sec* , 9 of alloys. The use of 

primitive concoctions for bullet metal 
Red 9 handicapped the loading of 

t pod 9 bullets in rifles. Following the re- 
i bul- 9 peeled explanation of this by The Amer- 

■ light 9 Ki^eman, many handloaders have 

e gas 9 _ adopted linotype for all their cast rifle 

lat it 9 bullets other than in light loads, with 

eking 9 great success. 

s the 9 But general adoption of linotype has 

3 n by impeded by certain practical con- 

pow- ■^■gsderations. One has been the lingering 
bore Ject of old advice, imprinted by long 

lEpetition, which recommended inade- 
rs. of costly mixtures; fortu- 

wder, lately that is passing. Another is the 

grav- i^nt and continuing replacement of 

only I 9 “hot type” (cast metal type) by other 

And printing, with the result 

M linotype metal is becoming less 
leadily available. 

Most important of all is the cost of 
^ ali*new bullet metal. The handloader in 
most cases wishes to use his recovered 
bullet metal, or equivalent, bringing it 
up to the required physical standards by 
adding only the necessary make-up. This 
is just what the printer does! 

linotype metal regularly is 4% tin, 
12% antimony, 84% tead. The hand- 
loader can bring his salvaged metal up 
to linotype standard by cleaning it with 
thorough fluxing, then adding tin and 
jintimony as required. The tin is costly, 
1 f but fortunately not much is needed, it 
j IS readily bought locally, and it melts 
and alloys easily in the lead. The anti- 
I 'mony while harder to find is available, 
I and it costs far less than tin. The single 
^.^culty is its relatively high melting 
point. Directions for making up bullet 
metal with antimony have glibly pre- 
^^icribed raising the pot to a red heat to 
alloy the antimony with the other com¬ 
ponents. The trouble is that few hand- 


loaders have a ready way to do this. 

The American Riffeman (June, 1970, 
page 87) pointed out that antimony is 
tractable if prealloyed with an equal 
weight of lead. The melting point of 
pure antimony is 1167° F., but a 50-50 
lead-antimony mixture begins to melt at 
only 477° and is fully melted at 930°. 
Though the latter temperature is above 
the regular design range of handload¬ 
ers' electric pots, this 50-50 mixture 
alloys satisfactorily with lead in these 
pots at regular working temperatures. 
Thus if antimony were available already 
mixed 50-50 with lead the problem 
would not arise, but so far it is not so 
available. 

Two NRA members have developed 
practicable means for the handloader to 
melt and alloy straight antimony. One 


of these (“Handloaders, Prepare Your 
Own Alloys” by J, M. Wickenden, The 
American Rifleman, December 1972, 
pages 60-61) describes the construction 
of a small, simple furnace which will melt 
antimony with ease. The other (“Make 
Your Own Bullet Metals” by Clark S. 
Campbell, on the lower half of this 
page) is done with a plumber's lead pot 
rented for a day; 100 lbs. of 50-50 lead- 
antimony in small pigs can be prepared 
in that time, enough to provide the anti¬ 
mony content of a hand loader's bullets 
for months or years. CampbelTs de¬ 
scription includes simple formulas for 
then making up linotype as needed, 
using this 50-50 antimony with new or 
salvaged lead and tin, the other compo¬ 
nents of linotype metal, in the hand- 
loader's small electric pot. ■ 


Make Your Own 
Bullet Metals 

T o upgrade salvaged lead, salvaged .22 
bullets, or automobile wheel weights 
into bullet metal requires the addition of 
tin and antimony. 

Tin melts very easily and is readily 
added in the desired amount when it has 
been cast into thin half-pound bars in a 
V 4 '* x¥fi" X 13” aluminum channel, scribed 
with file cuts at V 4 and Vy points for cut¬ 
ting off. The 1-lb, bars in which tin is 
bought can be similarly marked for cut¬ 
ting, and bars of tin-lead solder also can 
be used. 

Antimony requires a much higher tem¬ 
perature. It melts at 1167*F., which h a 
low red heat well above the working range 
of the electric melting pots used by hand- 
loaders. The practical way to use it is in a 
50-50 mixture with lead made up before¬ 
hand, in which form it alloys at ordinary 
operating temperatures with the other con¬ 
stituents of bullet metal. Making up the 
50-50 lead-antimony mixture requires 
equipment capable of melting antimony. 
After being pulverized with a heavy 
hammer, the antimony can be melted 
readily in a rented plumber's "lead pot”, 
using a flame which will make the pot red 
hot. (It is unwise to play a blowtorch on 
the metal to speed melting, since pow¬ 
dered antimony can ignite at flame tem¬ 
perature), When the antimony is melted 
add an equal weight of lead, which will 
melt and mix with the antimony. Melting 
and mixing 40 lbs, of antimony with lead 
in this way will take about four hours and 
consume a $3 tank of propane. It will 
provide the antimony for a large quantity 
of bullet metal. Of course this combustion 
operation should be performed out of 
doors. 

The lead should have been made ready 
by casting into 14b. ingots in one of the 
convenient four-compartment ingot molds 


now supplied with handloaders' electric 
pots and also sold separately. To insure the 
correct 50-50 lead-antimony mixture, bal¬ 
ance six ingots of lead against an equal 
weight of powdered antimony to make 
each charge for the plumber’s lead pot. 
Melt the antimony, add and stir in the 
lead, and cast in I lb, ingots. The ingot 
mold will need water cooling in continuous 
use, but make sure it is dry again before 
the next pour. 

This 50-50 lead-antimony mixture will 
not melt fully by itself in the handloader's 
electric pot, but it will mix without diffi¬ 
culty with lead and tin to make bullet al¬ 
loys. The 50-50 ingots are easily broken 
with a cold chisel at the desired points, 
and they melt easily into the pool of 
melted lead with which they are to be 
alloyed. 

To make linotype alloy, the best hard 
bullet metal, use the following: 

(a) IViih lead: 5 lbs, lead, IVa lbs. 50- 
50 lead-antimony mixture, and 35 of a Vi 
ib. bar of tin, 

( b) With sail aged .22 bniiets: 5 lbs. .22 
bullet metal, 136 lbs, 50-50 lead-antimony 
mixture, and Ys of a V 2 lb. bar of tin, 

(c) With wheel weif^difs: 5 lbs. wheel 
weights, Vi lb, 50-50 lead-antimony mix¬ 
ture, and y« of a V 2 Ib, bar of tin. 

It is best to cast each batch of the bul¬ 
let metal thus produced into I-lb, ingots, 
leaving a little of each melt in the pot to 
conduct heal to the material of the next 
batch. 

These ingots are taken at random when 
casting bullets, to provide additional homog¬ 
enizing. 

Antimony marketed for handloading use 
should be in this same 50-50 lead-antimony 
mixture, which is practical for use and at 
the s&me time contains the minimum of 
lead on which transportation must be paid. 
And it should be in thin bars, not biscuUs, 
for breaking into weights needed and for 
feeding into the narrow space in small 
electric pots having a central valve rod.— 
Clark S, Campbell 








Cast Bullet Loading Method 

Westwood, NJ. 

Editor: 

By following the information pub¬ 
lished in The A/nerican Rifleman on 
loading cast bullets, I have had years 
of enjoyment and very little difficulty 
in obtaining accurate and reliable re¬ 
sults with several rifles. 

For several years I have done most 
of my cast bullet shooting in two single¬ 
shot rifles built by myself on heavy mili¬ 
tary Martini actions. One has a two- 
groove Springfield barrel in cal. .30-'06, 
and the other still has the original En¬ 
field zr' barrel but sleeved at the 
breech and chambered for the .45-70 
cartridge. The .30-’06 has a 10-power 
scope and the ,45-70 a low-power varia¬ 
ble. Both actions have beeri reworked 
with bushed firing pin holes and refined 
trigger pulls. I have also found it desir¬ 
able to place a spacer behind the firing 
pin spring to get faster lock time and a 
heavier striker blow. 

Using these rifles I have developed a 
loading technique that I have never seen 
published. I never size or lubricate the 
cast bullets and yet obtain excellent ac¬ 
curacy and no leading whatsoever. One 
of the successful loads for the .30~’06 
consists of Lyman bullet No. 311413BS 
cast of type metal, with gas check but 
unsized and imlubricated, and a charge 
of 4S grs. Hodgdon 4831 powder. The 
space over the powder is filled with 

1- 1^4 grs. of Dacron fiber and on that 

2- 3 grs. of lithium grease. This load 
consistently shoots groups of 114-2 
minutes of angle, which is about the 
best capability of this light rifie and 
its war surplus barrel* Not only does no 
leading occur, but the bore after shoot¬ 
ing has an appreciable film of lithium 
grease. Pushing a couple of dry patches 
through results in a spotless bore, and 
no resistance from powder fouling can 
be felt. As usual, grease is also apparent 
on the muzzle face. 

I am aware that the No. 311413 bul¬ 
let usually gives poor accuracy in loads 
approaching full power. However, my 
barrel is throated very tight so the bullet 
is well supported on firing, and it is 
seated well out so that the body, which 
measures .3085", is in contact with the 
rifling, and the .301" ogive is lightly en¬ 
graved by the lands. 

Equally good results are obtained with 
a reduced load of 14 grs. Hercules 2400 
powder. 

A similar procedure is used in the .45- 
70. The Lyman No. 457483 bullet, cast 
of type metal but without gas check, is 
loaded with 27 grs. No. 2400 powder 
and the same Dacron and lithium grease 
under the bullet. There is no leading, 
and the accuracy is good, averaging 
about 2 minutes of angle with a com¬ 


plete absence of fliers. The bullet cast 
hollow-point weighs 350 grs. and meas¬ 
ures .457". diameter. This is pleasant to 
shoot and should make an excellent deer 
load in the brush. 

The lithium grease is dispensed very 
conveniently from one of the small air 
pumps that are given away with basket¬ 
balls and footballs. The inflation needle 
is removed and the pump body filled 
with grease. The proper amount is 
judged by the length of grease extruded, 
checked by weighing a few samples. 

Considering that the usual bullet 
grooves might be unnecessary with this 
loading technique, I bored out an old 
Lyman mold in the lathe to cast a 400- 
gr. bullet with smooth ungrooved body 
of .457" diameter and a front section 
of ,450" or bore diameter. The first few 
shots, though loaded as above, gave 
massive leading and poor accuracy, and 
additional trials gave the same result. I 
then chucked some of the smooth buUets 
in the lathe and turned three large 
grooves in the body with a parting tool. 
These grooved bullets were entirely satis¬ 
factory when loaded in this way. What¬ 
ever the reason, the grooves thus are 
necessary. 

I find this to be a very satisfactory 
way of loading cast bullets. I_have no 
need to buy equipment for sizing and 
lubricating bullets, and the time to add 
lithium grease to the rounds is less than 
the time required to size and lubricate. 
Actually the most time-consuming 
operation is putting in the Dacron fiber, 
but that has to be done anyway for best 
results. 

Since writing the above, I have fired 
two 5-shot groups from the .45-70 with 
ammunition which was loaded in this 
manner 18 months ago. The loads per¬ 
formed exactly the same as freshly 
loaded, indicating no deterioration in 
the 18 months. 

J. J. Larson 

Bench-Shooting Cast Bullets 

There have been at least two comments 
from qualified riflemen, published in The 
American Rifleman, that resting cast bul¬ 
let loads from bench rest does not give a 
correct indication of their accuracy. The 
difficulty is attributed to the longer barrel 
tifne of most such loads, ft does not arise 
in firing from a solid prone position with 
sling, which therefore should be used in 
testing such loads. But very few shooters 
and handlouders other than competition 
riflemen are experienced in prone shoot¬ 
ing; others must do their testing from the 
bench. Does this mean that most of us 
cannot test our cast loads reliably? 

Answer: The published comments have 
been justified in our experience also. The 
difficulty is least with very light loads, 
heavy match rifles, and short lock times. 

Some effort therefore has been devoted 


here to the problem since it affects i 
users of these loads. It is found that adilj 
ferent way of supporting the rifle, iinlib 
that regularly used in bench-rest shooti 
makes it possible to test cast bullets w 
ably from the bench. The necessary I 
is to hold the rifle solidly. 

Grasp the rifle fore-end with the 
non-firing hand, instead of the rear sai 
bag or toe of the rifle butt in the regi 
bench-rest manner. Grasping just belaJ] 
the sandbag appears to give the most i 
able results. Then hold the rifle down Ml 
on both sandbags with both hands dl 
solidly back against the shoulder. Hold!k| 
face to the stock as desired, but unifod 
The hard holding must be done with 
plete uniformity from round to round: 

Then let off the trigger with absol 
steadiness, A small extra sandbag UDdsI 
the firing wrist and hand is benefidat, 

Excellent results and a better test if| 
cast bullet target grouping can be obtain 
in this way.—E.H.H. 

Reduced Load Filler 

San Diego, CaliUl 
Editor: 4 

Kapok, toilet tissue, fibers, and oibtfj 
fillers are often recommended foruseiil 
reduced rifle loads to hold the po# 
charge in the rear of the case against sil 
primer. However, these materials are otl 
entirely satisfactory for the pur postal 
they are not easy to poke into the cartri^ 
case and obtaining uniform weight 
filler is time consuming. They don’t twee 
sarily remain in contact with the 
charge unless the case is full and somecfl 
the filler may mix with the powder ani| 
interfere with its ignition. 

Because of these problems 1 did sofi(| 
experimenting with polyurethane foa 
first trying a circular patch. But ctr: 
patches proved difficult to cut will] i 
sharpened pipe on a wood block and, aEln 
additional trial, I found a filler patch ih/ ; 
meets all objections for use in the \ 
case. It is a 14" square of polyureil^( ^ 
foam cut from sheet foam. 

Polyurethane foam in 14" thickatsj 
available in 18" width in hardware and J* 
it-yourself stores. Easily marked in h'| 
squares with a felt tip pen, it can bet 
readily with sharp shears or tin snips. 

An 14" dowel with point of a pinttj 
tending about 14" beyond the end isidal 
for picking up the patch and pushiBgj 
into a ,30-’fi6 case on top of the pow 
Insertion of the patch picks up loose fi 
Liles of powder sticking to the side of lllj 
case and pushes them downward 
they belong. 

The polyurethane patch does not i 
with the powder charge and expands 
ficiently to stay in place. I found 
square patches stay in place belter 1 
round ones. 

In my a 14.5-gr. charge of Htfj 

cules 2400 powder and the Lee No, C.f 
ZOOR (200 gr. gas check) bullet grou 
more consistently with the polyurtll 
patch than with 1.5 grs. of kapok. I 
cases, of course, will require dM 
patch sizes and diameters of dowel I 
inserting them. 

Douglas A. Toolk I 
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maming bullets are then carefully greased 
with a Pope pump and again carefully 
weighed, and those not balancing are laid 
aside. By this time his original 500 bullets 
are reduced to something like 160 or so. 
He has, however, bullets with precisely the 
same amount each of lead and grease. The 
bullet is loaded as usual in a Stevens-Pope 
muzzle loading barrel After the rifle is 
laid on the rest, a shell w'lth a projecting 
wire is inserted in the breech, to learn if 
the rod has seated the bullet too deep. 
Powder is loaded with a Stevens^Pope 
flask, rattled five times, repeated tests by 
Mr. Rowland proving that it is not neces* 
sary to w'eigh the powder. 

*The load used in making this target 
was 3 grains No. 1 Du Ponfs smokeless, 
IV 2 U.MC primer, and the shell filled 
nearly full with Hazard FG powder, mak¬ 
ing a bulk charge of about 46 grains. Be¬ 
fore using powder it was very carefully 
sifted through several sieves to be perfectly 
sure that it was of an even grain. The 
bullets were I to 10, lubricated with Leo¬ 
pold's No. 6 lubricant. Oleo grease w^ads 
were employed. The rest was a Stevens- 
Pope No. I rear and No. 2 fronts sup¬ 
ported on a very heavy wooden frame, 
deeply seated in the earth, and strongly 
braced.” 

C. W. Rowland's bench-rest shooting 
came near the end of the Schuetzen era 
and was among its highest developments. 
This report answ'ers your question prob¬ 
ably as well as any single note could do, 

A great deal of information has how'- 
ever been preserved in two books: The 
Story Of Pope's Barrels by Ray M, Srnith, 
Stackpole, 1960; and The Breech-Loading 
Singlc-Shoi Maich Rifle by Ned Roberts 
and Ken Waters, Van Nostrand, 1967. The 
latter is available from the NRA Book 
Service, price $12,50—E.H.H. 
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Schuetzen Load Refinements 

Rewarh Iwre been made on fhe ex~ 

I loading refinements with which the 
] flfrf Schuelzen and bench-rest r I fie men 
able to do //refj- fine shooting. Bui 
Kcise descriptions are very' hard to find. 

I any part ten iars he given? 

Answer: The operating knowledge of 
[ikse special refinements faded when they 
no longer practiced. Much of this 
Jippearanee was due to the inevitable 
s of information with lime, and much 
I (0 its unindexed and scattered distribution 
[^liong old records when they still exist. 

The follow'ing detailed report (omit- 
I ig 3 paragraph on measurement of the 
appeared October 9, 1902, in 

lotifig And Fishing, a predecessor of 
Rifieman: 

“We have received the original of a re- 
pliable target made by the veteran and 
jpinstaking rifleman, C. W. Rowland, of 
milder, Colo. The shooting was done at 
i range of 200 yards, on the Standard 
Iplittrican rest target, shoulder and muz- 
Tfle rest, and consists of 10 consecutive 
LAots, The shooting was done with a 
[iSjcvensTope rifle, with 32-inch muzzle- 
iding barrel, with Pope rear wind gauge 
1 Martin front aperature sights. The tar- 
jp is herewith produced full size. It 
liijpnls 119 out of a possible 120, but as 
|||iiflem€n say it was grouped for a perfect 
1 score. The 11 W'as the first shot, after 
thicliMr. Rowland moved his sight; since 
k shooting he has said he was sorry he 
J lid this as he had rather have had the 
( poup than the score. 

'The following description of Mr. Row- 
kbud’s methods will perhaps explain some 
I of his fine shooting, and give some shoot- 
I en an idea of the great patience possessed 
by a painstaking rifleman when after the 


finest possible work, which effort to the 
average man seems wholly unnecessary. 

■'In preparing bullets for his finest shoot¬ 
ing Mr. Rowland's method is substantially 
as follow's: A large lot is cast, something 
like 500. all of which to the average man 
would appear perfect. These bullets are 
carefully weighed, and all varying over 
one-tenth of a grain are laid out; the re- 



The target referred to, shown actual size. 
For verification, correct diameters of the 
10, 11, and 12 rings are 3.36'', 2.33'' 
and 141". 


1 


Shrinkage In Casting 

fr is quite noticeable that different alloys 
^oduce ballets of somewhat different diam- 
tlers from the same mold. Can you give 
itfinitc figures on this? It might be worth 
an experimental program to establish the 
fjjeo. 

Answer: This is already known. The 
basic information was given in “Solidifica¬ 
tion Shrinkage/' The American Rifieman, 
|3)eccinber. 1966, p. 88. The following sum¬ 
marizes the information and relates it to 
bullet diameters as cast. 

Last column of the table herewith gives 
j sinouiil of shrinkage as the cast item 
j^tslidifies. There is a further contraction 
of about 1 % in all these alloys as the 
^lidified item cools to room temperature, 
but that need not be considered since we 
ire interested here in only differences. 

This definite informatior exists for only 
tk standard type metals, which also are 
Ibe best bullet alloys. For other alloys it 
can be approximated, as to both hardness 
and ^rinkage, by interpolating according 
Id their composition. 

For example, the solidification shrinkage 
on diameter of a nominally .357" bullet 


Type Metal 

Tin 

Composition, % 
Antimony 

Lead 

Brinell 

Hardness 

Sh rinkage 
Linear, % 

Electrotype 

3 

214 

9414 

12 

.87 

Stereotype 

6 

14 

80 

23 

,65 

Linotype 

4 

12 

84 

22 

.65 

Monotype 

9 

19 

72 

28 

.65 

Lead 

— 

— 

!00 

5 

1.13 

Tin 

100 

— 

— 

app 7 

.90 

Antimony 


100 


tipp JO 

.47 


cast of linotype metal could be expected 
from the table to be about .0065 X ,357" 
= .0025"-: and in a soft alloy of lead and 
tin, about .01 X .357" = .0035". The 
.001" difference is in agreement with obser¬ 
vation. 

For another example, the composition 
of Lyman No. 2 bullet metal is given as 
10 parts lead, one part tin, one part anti¬ 
mony, which approximates 8% tin, 8% 
aniimony, 84% lead. (It is also stated to 
be 90 parts lead, 5 pails tin. 5 parts anti¬ 
mony.) lis physical properties thus will lie 
between those of electrotype and stereo¬ 
type metals, so its solidification shrinkage 


may be expected to be about .75%, 

This information indicates the solidifica¬ 
tion shrinkages to be expected from gen¬ 
eral classes of alloys in a range of bullet 
diameters. Thus, in .001" on diameters: 

Bullet diameter, in. 


Alloy 

.308 

.357 

,452 

Linotype 

,002 

.0025- 

,003 

Lyman No. 2 

.0025- 

.0025 

.0035 

Soft 

.003 

.0035 

.0045 

Pure lead 

.0035 

.004 

.005 


The effect on bullet diameter of chang¬ 
ing from one alloy to another in this table 
is the difference betw'een their shrinkages. 
—E.H.H. 
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Brinell Hardness Measurements 

Usinf? The method of hardness measure¬ 
ment described by The American Rifleman, 
/ have measured three samples taken from 
The same metf of bullet metal, and obtained 
hardness figures of 13, 12, and 13. Is this 
satisfacTory agreement? If not, how can / 
improve if? Flease explain. 

Answer: This refers to The American 
Rifle man*s application of the standard 
Brinell hardness system to this special use 
(“Measuring The Hardness of Cast Bul¬ 
lets,” The American Rifleman, January 
1959, pp. 43-44). It is re-summarized in 
the Question & Answer "Brinell Hardness,” 
January, 1969^ p. 57. 

Successive measurements on the same 
bullet metal should agree within one Bri¬ 
nell hardness number, as there stated. Your 
figures show satisfactory agreement for the 
normal uses of bullet metal. Obtaining 
closer agreement is quite practical, A short 
review of the method makes it clear. 

In the regular Brinell system, a steel or 
carbide ball is forced a little way into the 
steel or other metal of interest and diam¬ 
eter of the indentation is measured with 
a microscope; a table then gives the BHN. 
This is the load divided by area of the 
impression, and is approximately the unit 
compressive stress the material can sup¬ 
port. An apparatus to apply accurately the 
necessary heavy test force is required. 

The method you refer to was devised 
by the NRA staff as a system for use in 
bullet metals with equipment available to 
most bullet casters. A steel ball is pressed 
between samples of bullet metal and of 
pure lead in a vise, and the two impres¬ 
sions measured; their areas (corresponding 
nearly to their diameters squared) com¬ 
pare hardness of the sample to that of pure 
lead, for which the Brinell hardness is 
well known (it is about 5). If, for example, 
the pressing gives an indentation of .105" 
diameter in bullet metal and .175" in pure 
lead, the bullet metal BHN — 5(. 175/ 
.105)2 — 13 ^ 9 . Several measurements thus 
made should agree within 1 BHN, usually 
less, and their average can be recorded as 



Measuring hardness of bullet metal sam¬ 
ple by comparative indentation (see text). 


the Brinell hardness of that metal. 

There are a few requirements, which are 
not unreasonably exacting. The compari¬ 
son standard must really be pure lead, not 
melted lead from plumbing shops or 
guessed lead, which to a certainty will 
contain other metal and be harder in some 
unknown degree; so get commercial new 
pig lead for this. Both sample and pure 
lead piece should be smooth and must be 
sound, not porous or layered. For similar 
reasons the indentation must not be 
deeper than Va the thickness of the piece; 
also its diameter must not exceed the 
ball diameter. (These two requirements 
wilt apply to the pure lead piece since it 
will be indented more than the bullet 
metal.) Measuring the impression diam¬ 
eters must of course be done carefully; it 
is quite practical with a vernier or mi¬ 
crometer caliper and a small magnifier. 

Most bullet casters already have or can 
readily obtain all these items except the 
steel ball A relatively large ball is needed 
for impressions of convenient size, since 
these must not exceed Va the ball diam¬ 
eter. A 1" ball is best. It is obtainable 
from machinery suppliers.—E.H.H. 


Chase Patch 

For some time I have been trying to get 
a Remington roUing-block rifle to shoot 
well with paper-patched buHeis. 1 recail 
reading an article in The American Rifle¬ 
man that mentioned paper patches made 
from a single thickness of paper instead 
of the usual rvvo layers. How does one 
make and apply this type of patch? Does 
it work? 

Answerr The article ("Paper Patching 
Makes a Difference,” The American Rifle¬ 
man, March 1972, pg. 18.) referred only 
briefly to that system of patching. It was 
named for its originator D. L. F. Chase, 
a noted marksman during the 1880’s and 
iB90's, and a member of the Massachusetts 
Rifle Ass'n. 

The Chase patching system was de¬ 
scribed first in the July 19, 1888, edition 
of Shooting and Fishing, a predecessor of 
The American Rifleman, Chase patches 
were intended specifically for breech-seated 
bullets and required that a bullet seater be 
used to insert the patched bullet into the 
throat ahead of the chamber. They were 
cut like a double-wrapped patch, but were 
"just long enough to reach once around 
without lapping, and only wide enough to 
cover the desired portion of the bullet 
without folding over the base.” Mr. Chase 
cut his patches in a rectangular shape, but 
stated that a bias cut could be used if 
desired. 

To put on a Chase patch, the user rolled 
the pre-cut patch into a cylinder and in¬ 
serted it into the bullet sealer, so that 
about 1/16" of patch remained showing. 
The bullet was placed, base first, into the 
patch cylinder and the patch and bullet 
assembly then seated into the bore of the 
rifle. Using the Chase patch required 
thicker paper than that used for double- 
wrapped patches and also that the seater 
be relieved slightly so the bullet could 


slide into the patch without crumplinfiij 
Chase claimed that his patch was tzi 
to apply than the double-wrapped 
that it always came off as the ballet fell 
the barrel, and that there was no fold jt| 
the bullet base to disrupt its exit from 
muzzle. Within five years after its inui 
duction, the Chase patch had practicj 
replaced the older double-wrapped 
among U.S. target shooters. Dr. Fran! 

W. Mann called the Chase patched bulla 
“one of the most accurate shooting biilk^? 
and shot a number of 100-yd. 10 sbi| 
groups with them averaging 1.59'^ in a; j 
1898 test. L 

The Chase system remained in genetlB 
use until the turn of the 20th CentiiJ]K 
by which time paper-patched bullets ii 
Schuetzen rifles had been replaced byllK fi 
grooved, lubricated bullets developed ^ ^ 
Schoyen, Zischang, and Pope.—J.B.R. 


Bullets For Worn Barrels 

/ do my cast-bullet shooting in a ifl'H 
heavy-barrel match rifle. The barrel, wj\k 
excellent, is somewhat worn from m 
of use with National Match and mlii 
ammunition. Should the cast bullets f 
be of diameter to fit the worn 
throat, or the rest of the bore which t 
mains unworn? 

Answer: The bullet should fit the m 
bore }USl before the chamber. 

Obtaining this fit is not entirely 
but fortunately there are some pr^ctifl 
ways to get it. 


i 




Bullets which are especially suitablelirl 
worn barrels: (from left) Lyman NkI 
311299, 311466, 311467. 


Usual rifle bore erosion is praciii 
limited to the rifiing lands before 
chamber, not the rifling grooves. Onlylj 
severe erosion will the grooves be 
ened materially (though they may id 
eroded much earlier). This spoils [hen 
of those cast bullets which have 
riding parallel ahead of the body, wlniA 
means most of the popular designs. Tlif] 
forward parallel should fit snugly on ilt| 
rifling lands if it is to be useful. Tb 
fore it should be larger for worn bai 
to fit onto the lands where they havel 
worn away; but there is little need 
the bullet body to be larger since ll 
rifling grooves are little changed. Idi 
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ihcn the worn barrel should be fitted with 
a nesv bullet in which only the forward 
parallel is suitably enlarged. The practi¬ 
cal difficulties in the way of providing 
such variations are obvious. 

An immediate expedient is to load the 
bullet far enough forward in the case neck 
10 press against the barrel forcing cone 
when the round is chambered. This old 
praciice is nearly always desirable in load¬ 
ing cast bullets. Adjusted to maintain this 
contact as the forcing cone advances from 
wear, it does much to align the bullet. 

For cal. .30 cartridges, cerium cast bul- 
leis do provide the desirable forward fit 
^ in worn barrels. One is Lyman No. 
1311299, the regular cast bullet for J03 
British. Us diameter forward of the body 
k about .304'' and on the body about 
,314". This .304'" nose prevents chamber- 
ihe round in an unworn cal. .30 bore 
hut not in a bore which is even slightly 
Astonishingly little wear suffices; if 
ik rifling lands at rear show any visible 
wear at all to careful examination, the 
bullet chambers readily. The JH" body 
cf course is much too large, but can be 
serviceably to ,311" in all sizer- 
Iflbricators of modern construction. The 
f 3ir body then usually will touch the 
I forcing cone before discharge without the 
I bullet having to be loaded out of the case 
mouth enough to expose any lubricant 

A similar fit is provided by Lyman No. 
J}!1466 and 311467 Loverin bullets. The 
I llodies of these bullets extend almost to 
I ilie bullet nose, tapering to a slightly 
I snuller diameter on the first two or three 
I bands, This fits very well into the w^orn 
uids, the wear being similarly tapered. 
fTbe bullet is loaded far enough out to 
robtain this contact. The only objectionable 
. feature is exposure of lubricant outside th 3 
Ltarlridge case in all loadings which is 
1 aftcn undesirable.—E.H.H. 


[Action Of Paper Patch 

We are interested in paper-patched bui- 
' fell ami have some questions about them, 
kparticular, this state merit appears in the 
‘Taper-Fatchin^' Rifle Bullets*' (The 
‘ icrican Rifleman, February, 1974, p. 
J Wj, "The bullet must expand into the 
able for rifting.’* We would like to know 

loK' the ballet can expand into the rifling 
I if if wrapped in paper. Also, does the 
^per stay on as the bullet passes through 
Af barret? 

actically flnswer; For success, the bore-diameter 

bre the fauikt mainly used in this development 

Only in expand into the barrel rifling despite 

>e deep- paper. Anyone doubting this has only 

ay look ip shoot some of these ,301" diameter 

i the fit bulkis (the present development has so far 

ii bore- jn cal, ,30 and 7.62 mm.) cast of a 

/, which hard alloy, patched with quality 

ns. This paper accordirig to directions, and 

^ on the imj with a light charge so as not to e.K- 

. There- them. The bullets will not be spun 

barrels, shoot wild, 

ive been As the article points outj this necessary 

lecd for of bore-diameter patched bul- 

ince the tis requires that their hardness be reason- 

Ideally iljjy proportioned to the load. This 


is not a feature in the alternative pro¬ 
cedure of patching bullets of groove or 
.309" diameter with paper of appropriate 
quality but only .002" thick; then the bullet 
fills the rifling grooves as it is. 

The paper evidently does stay on the 
bullet all the way through the barrel. This 
can be verified by looking into the bore 
at an angle across the muzzle, with back 
lighting. Little if any whitening by lead 
from the patched bullet should be visible, 
while it usually is conspicuous after firing 
grooved lubricated bullets even though no 
lead deposit can be seen by looking 
through the bore. 

The paper is always shot out the muzzle 
in fragments. On a few occasions T have 
had these come out in long, even strips as 
cut by the rifling, but nearly alw^ays the 
pieces are small and irregular. In contrast, 
the old blackpowder barrels designed for 
patched bullets had shallow rifling and a 
specially long, gentle forcing cone, allow¬ 
ing the patch to stay in one piece. That 
cannot be accomplished in present relative¬ 
ly small bores with their deeper, quicker- 
twist rifling, and (in unworn barrels) steep, 
sharp-edged forcing cones. 

The American Rifleman’s re-introduc¬ 
tion of the art of paper-patched bullets in 
modern rifles is being done with the de¬ 
tailed loading methods required for suc¬ 
cess in this situation.—E.H.H. 


Neck Sizing For Paper Patch 

The American Rifleman article of March 
1972, p. 18-22, introduced paper^patched 
bullets for modern rifles, but described 
only briefly how to seat them in the car¬ 
tridge case. Isn't the paper patch rather 
delicate for this operation? 

Answer: As there outlined, the sized case 
necks should be given an extra expanding 
at the mouth. The patched bullets then seat 
without difliculty. An explanation does 
make this clearer. 



Lyman stepped expanding plugs and die 
bodies, ‘'M" die on right. Arrows indicate 
enlarged step which bells the case mouth. 


The paper patch turns out to be sur¬ 
prisingly strong. Correctly applied, it 
shrinks on tightly in drying. It should be 
so tight that the narrow grooves of the rec¬ 
ommended bullet (page 20 in the March, 
1972 article) show clearly through the 
paper. Clip off the dried tail closely with 
smallest available side-cutting pliers (not 
flush-eutting), dosing the base securely. 

The best patch lubricant so far found is 
equal parts by weight of Motor Mica or 
other solid lubricant, and lithium auto¬ 
mobile grease (not some other automo¬ 
bile grease), mixed into a smooth paste. 
Rub it sparingly ail over the applied patch 
except the base. It will stay on when the 
bullet is seated. 

The patched, lubricated bullets seal with 
almost perfect smoothness in case necks 
suitably belled and free of rough edges. 
Most of The American Rifleman's firings 
have been done with case necks expanded 
by the ,3065" to .307" diameter plugs 
regularly used when loading jacketed bul¬ 
lets, then by a ,314" plug to one-fourth or 
one-half the neck length. This makes a 
mechanically strong cartridge, which is 
also desirably water resistant from the 
lithium grease in the lubricant. 

The Lyman stepped expanding plugs 
(see photograph) are excellent. They are 
held in die bodies bored straight through 
so only the plug touches the cartridge case. 
The .308" assembly for the Lyman 310 
tong loading tool (used with a Lyman 14" 
adapter in bench loading tools) has a 
.307" plug with .311" mouth expanding 
step above, which is a little small for this 
use but is serviceable with carefully cham¬ 
fered case mouths. The larger Lyman “M’' 
die is preferable. The No. 31R plug for 
this die has diameters of .310" and .314", 
and for .30-'06 and JOS or 7.62 mm. 
NATO cases it is used in a “long" die 
body. This plug leaves the case neck well 
belled to start the bullet smoothly, while 
holding the seated bullet securely,— 


Powders For Cast Bullets 

/ have always carefully selected my 
powders for use with cast bullets in my 
30-06 rifle, in accordance with the load 
—fast burning reduced-load powders for 
light toads, and medium and even s/ow 
burning powders for velocities of 1800 
/.p.j, or more. Now some recommenda¬ 
tions prescribe only shotgun and pistol 
powders for all sitch loads. Does (his 
work? 

Answer: Shotgun and pistol powders can 
be used over nearly the full velocity range 
of cast bullets in rifles, provided the 
heavier loads are established by velocity 
and pressure measurement. The NR A 
staff experience however is that cast bul¬ 
lets shoot accurately with such powders 
in only light to quite moderate loads. Ex¬ 
ceeding these has always resulted in poor 
and eventually wild target groups, and 
even bore leading. For accurate shooting 
it has been necessary to choose propel¬ 
lants to suit the load, as you describe. 

This table, published in The American 
Rifleman and now appearing on page 114 





of The NRA Handloader’s Guide, indi¬ 
cates powders which have been successful 
with correct gas-check bullets in .30-'06: 


Powder 

Charge 

Muz. VeJ. 


(grs.) 

(f.p.s.) 

Hercules 2400 

13-20 

1250-1700 

Du Pont IMR 4227 

14-22 

1250-1700 

Du Pont IMR 4198 

2025 

1500-1900 

Hodgdon BL-C, 

Lot 2 

28-34 

1700-2100 

Ou Pont IMR 4895 

30-38 

1800-2250 

Hodgdon H-380 

35-42 

1800-2250 

Hodgdon 4831 

40-50 

1800-2250 

Hodgdon H-450 

40 50 

1800-2250 

Among the many other 

powders now^ 


offered, it is to be expected that some will 
correspond to the performance of these. 

Though all these powders are excel¬ 
lent, each in its field, all usual .30-’06 
cast bullet requirements can be met with 
only two or three of them or their equiv¬ 
alents. For light loads one can take No. 
2400 or IMR 4227, or SR 4759 now that 
it is again available (substitute IMR 4198 
for loads a little heavier). IMR 4895 has 
been found here to be best on the whole 
for medium through heaviest loads prac¬ 
ticable with conventional gas-check bul¬ 
lets. Slower burning propellants can give 
equal velocities with good target group¬ 
ing, and very reliably, but they have the 
undesirable characteristics of heavy muz¬ 
zle blast and heavy fouling.—E.H.H. 


ness number respectively. These weights of 
each ihcrefure were taken: 


Wt. 

2 

3^2 

9V2 


BHN 

20 - 

17^2 = 

12V2 


40 

61 

50 

Tsi 


The BHN 10 be expected from this cal- 
culalion obviously is 151 9V2 — 16. 

The product should approximate this. In 
this case it actually had a hardnc.ss of 
16'/;. Alloys made up by this method regu¬ 
larly show^ a slightly greater hardness than 
iheir proportions indicate, which can be 
iiiinupH fnr in ihe make-up or accepted as 


being tolerably close. 

The above proportions were arrived at 
by a few trial calculations. These often 
show' that a desired result can be obtained 
in more than one way. Thus the method 
has considerable Hexibiliiy. For example, a 
calculation with the same three available 
metals shows that weights of 1, 5, and 3 
lbs. respectively could be expected to pro¬ 
duce an alloy of (I 20-h 5 ‘ 17V^ + 3 1214) 

9 =: BHN 16. close though a little 
harder than w'anted. If only the last two 
lots of scrap were on hand, 5 and 4 lbs. of 
these could be expected to give (5'1714 + 
4*1214) 9 := 15(4, practically the same 

as the alloy made above. 

Thus a few trial calculations, with the 
simplest kind of arithmetic, indicate at 
once the combination (s) of available met¬ 
als which will make an alloy of specified 
hardness, w'ithin the physical possibilities 
of course.—E.H.H. 


Making Bullet Alloys 

A ioi has beat M fitnn oti hullct ntcUifs, 
hut not much on oiakifi}^ up alloys with 
specific deshcii properties^ Most bullet cas¬ 
ters itare scrap and saiva^e lead (dloys on 
hand which they wish to use. Can yon pro¬ 
vide ^^nidance for makinii np alloys from 
such metal to ^et a sped fie product? 

Answer: The following method does this. 
It is based on two observations made dur¬ 
ing long-term investigation of cast bullet 
alloys by the staff of The American Rifle¬ 
man: 

1. The characteristic of a bullet alloy 
which is most fundamental to performance 
is strength, indicated by hardness. 

2. The hardT^ess of a mixture of usual lead 
alloys is approximately in proporuon to 
hardness of the separate alloys in it. This 
includes straight lead. Brine I! hardness 5, 
as a constituent. 

Hardness of the salvaged alloys to be 
used therefore must be known. The Ameri¬ 
can Rifieman has given a simple method 
for measuring it; “Brinell Hardness , Jan¬ 
uary, 1969, p. 57; and “Brinell Hardness 
Measure", December, 1974, p. 63-64. 

The product having desired hardness is 
obtained by using the metals on hand in 
quantities according to the hardness each 
supplies. One-lb, pigs cast in the small 
iron molds sold to hand loaders are most 
convenient. The following was made up 
most recently, aiming at a Brinell hardness 
of 15 and using three lots of scrap found 
to be of 20, 17^/2, and 12^4 Brinell hard- 


Cleaning Bullet Molds 

The cavities of bullet molds have to he 
cleaned occasionally. Otherwise the bullets 
eventually become less well filled out and 
even with care cannot be made very good. 
Reviewing my file of The American Rifle¬ 
man, / find several methods for such clean¬ 
ings from revolving in the cavity a bullet 
mounted on a thread tapf to cleaning with 
a brush and hot detergent or else with 
alcohol. Which method has experience 
shown to be best? 

Answer: The essential thing is to get the 
mold cavity really clean. All the methods 
you mention can do it. Continued experi¬ 
ence of the Staff here has developed the 
following combination of methods as most 
desirable. 

Clean the mold cavity with denatured 
alcohol and a soft brush, and allow it to 
dry completely. (Hot detergent solution 
may be used instead, with rinsing in hot 
water and careful drying.) Clean a brass 
bore brush of the same caliber and mount 
it in a hand drill. Closing the mold blocks 
lightly on the brush as shown in the photo¬ 
graph, give the brush a few turns in both 
directions, A small electric drill could be 
used without having to clamp it in place 
as a hand drill must be in this use, but an 
electric drill turns the brush undesirably 
fast. 

All deposits will come out as a dry pow- 



Cleaning bullet mold by slowly ratatin 
brass brush in cavity (see text). 


der, leaving ihe cavity beautifully dml 
and quite unharmed. This procedure ala 1 
removes any very .small burrs along iluj 
cavity edge which tend to keep bulleb frapj 
dropping freely from the mold, All^ 
applies to the procedure just as deseriw 
it does not mean a wire wheel, which m 
tainly W'ould damage the mold. L 

Obviously it pays to minimize these irH^ 
deposits. The causes have become del 
and they can be largely avoided. 

First, and worst, is trying to hmii 
or grease out of a mold by ca.sting buHSrl 
ill it. This unluckily recommended old pwl 
tice required prolonged, laborious caslifj 
before even moderately acceptable buDtttl 
could be obtained, and of course itIeftM 
burnt residue in the mold. Instead, 
any preservative oil or grease with a,]oolid| 
or hot detergent solution before fiistnsfl 
of the mold. Do not use any petroleum541 
vent, which contaminates iron molds is I 
some obscure way of its ow'n. I 

Then do not cast with dirty Tnetai| 
which will itself leave a deposit KMpikJ 
molten bullet metal clean by freinM‘ 
fluxing. 

Flux w'ilh care not to foul the 
Remarkably, this effect seems never to 
been pointed out. It is hardly possiWfl}| 
lake exactly the right amount of flux oiajI 
time. If there is a little too much, and all I 
melted wax is left floating on the 
some will be picked up in the ca3li|| 
dipper and put into the mold, where 
make trouble. (This is not a problem 
all casting is done directly from a bonoil 
valve in the pot; but long rifle bullets mill 
not cast w'ell in that manner.) Useadiij 
powder flux which leaves no wax, I 
Finally, do not put any oil or greaseiI 
the mold to preserve it; that makes itxil 
cleaning job all over again. Put a little VhJ 
rust-inhibiting powder in the mold cajM 
and store the mold in a closed box witlif*" 
any cloth wrapping. The VPI vap 
slowly and inhibits rusting. In a dosed Nl 
it will last for several months. Wash 04j 
the mold with very hot water just 1 
using it again, and allow it to dry a Iff I 
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I ^utes. It will then cast good bullets prac- 
I dcally at once. 

Stiort, large diameter pistol bullets are 
I 10 cast well. Long rifie bullets are less 
Ittsy: Ihey fill out best after the mold 
[(aviiyhas been smoked in a candle flame 
] sr preferably the flame of a paper match, 
i Tbenwipe out the cavity with a clean, soft 
Itfolh before storing the mold with VPI. 

Ail the above is for the usual iron molds. 
^Aluminum molds cast excellentiy but 
I tviti they do better with the cavity smoked 
li above. They need no preservative treat- 
I raeDi except to keep the steel cuLofl plate 
I bom rusting. But they do require special 
[ caie against damage in use. In particular, 
I iky must be protected against galling under 
J fe Steel cuboff plate. Do this by applying 
Ipspbite (readily done by rubbing the 
TMoch on top with a soft pencil) before 
I &5t use of the mold, and often thereafter, 

I Paper Patches Wear Barrels? 

Jk tieveiopmem of JO paper- 

bulktx by The American Rifleman 
I inteiesfifiifr but wonU the paper 

||(fck,v wear rite rifle bore? That has fiot 
I mctitioned .vo far in the articles de- 
this deveiopment. 

Answer: No erosion or bore wear have 
Ibe^n found in the .30-^06 and ,308 test 
I rilksand machine-rest barrels used in test- 
I iig paper-patched bullets. While no more 
Ikn several hundred of these patched 
IlwIEets have been fired in any one barrel, it 
IMd be possible to see any wear under 
Ik low-power magnification used in exam- 
img the bores. There may have been some 
king effect, though not enough to be 
eof 

1‘i Remark ably, your question is asked more 
|(ifleu than any other on these patched 
IWfets. Perhaps it is thought paper would 
I habrasive. 

^Possibly there may be some recollection 
llbarrel life with the paper-patched bullets 
[mice used in muzzle- and breech-loading 
inatch rifles. The little authoritative infor- 
Oaiion on this point that has been found 
ms out to be conlradicLory. 

The American black powder match bar- 
J lels then used were made of soft steel, 
|.«ft£n specially chosen and extremely soft, 
|iiid in match shooting the barrels were 
ianed after every shot, which may have 
I them more than the shooting. Also 
Ikbarrels did not wear out in the manner 
usual. Differing accounts have them 
and requiring re-cutting because edges 
(iJie rifling lands became dulled, or on 
Ik other hand because the bores became 
jiJazed (the term used) and thereafter 
■lOHlii not shoot well. Exact quality of the 
Itiere surface was most important. All that 
lb little to do with present cal. ,30 rifle 

Ikmels. 

It may be pointed out that while present 
L JO jacketed bullets give heavy forcing 
teistance and must involve great friction, 
ey wear out bores only in the part ex- 
i 10 high flame temperatures near the 
iamber. 

t any rate, the paper-patched bullets 
not worn any cal. .30 bores so far. 
EMM. 


Fluxing Bullet Metal 

for a long time / have noticed that when 
/ bay /icvr met ah and especially type metal, 
for my ballet casting, the bailets are strik¬ 
ingly smooth and bright. As the aihy 
supply is remelted a?id replenished, the bul¬ 
lets produced become dalblooking and no 
longer quite smooth. Why are the type 
metal bullets so much better? I flux the 
molten metal regularly, .vo Jo not believe 
/ am doing anything wrong. 

Answer: Nevertheless, the cause of the 
poor appearance you describe is insuffi¬ 
cient fluxing. Examination will show the 
metal contains many tiny bits of oxide. 
These tend to freeze out on the bullet sur¬ 
face, as you will see by rubbing the surface 
hard with coarse cloth or paper, which re¬ 
moves much of this dross. But some re¬ 
mains throughout the bullet. Type metals 
as bought are free of such dross, and they 
make smooth and bright bullets. 

Type metals themselves seldom are new 
metal but normally have been used re¬ 
peatedly. Investigations of type metal have 
shown that its constituents burn out at 
rate.s about what one would expect from 
their physical properties—the tin most rap¬ 
idly, then lead, and antimony least. This 
upsets the alloy proportions on which the 
performance of each kind of type metal 
depends. When the metal gives trouble, it 
has been the practice to send samples to 
large suppliers who analyze it and furnish 
the necessary amount of the correct make¬ 
up alloy to return the type metal to origi¬ 
nal composition. But this ordinarily is not 
done primarily to clean it. In a well-run 
printing plant, the alloy is kept clean and 
clear (or w'as, before most printing with 
hot type” became outmoded) by thorough 
fluxing in the furnace when casting the 
metal into pigs for re-use. 

Individuals can do the same by repeated 
thorough fluxing of their bullet alloys. 

Clean metal casts most easily and well. 
This makes it possible to lower the casting 
temperature and thus lessen drossing. Then 
thoroughly cleaning the bullet mold cavity 
with alcohol or hot detergent solution, fob 
low'ed by brushing out with an equally 
clean brass bore bru.'ih ^Cleaning Bullet 
Molds,” The American Rifleman, Sepienn- 
ber 1975, p, 80-82) also helps the casting 
and allows the temperature to be low'ered 
further. These procedures make casting 
easier and more pleasant, and at the same 
time minimize the formation of dross 
which requires fluxing to remove.—E.H.H. 


Effect Of Fluxing 

The Question & Answer *'Fluxing Ballet 
Metal" (The American Rifleman, March, 
1976, p. 4H) explains clearly the need for 
fluxing bullet metal to restore its condi- 
tior\. But it does not explain /lovc the flux¬ 
ing works. In fact, I have never seen an 
explanation which I found convincing. Will 
you please explain it? 

Answer: The action in fluxing is well 
understood in the printing industry. Hand- 
loaders, however, have not noted this avail¬ 


able knowledge. One outstanding hand¬ 
loading report on fluxing lead alloys did 
appear C'Dross And Fluxes” by A. L 
Hammer, Precision Shooting, Nov,, 1964, 
p. 4). This reflected Hammer's research 
in the industry practice and literature, and 
some high-grade investigations of his own; 
but the information did not spread among 
handloaders. 

The following summarizes the matter 
more briefly. 

The ”dross” or slag and other con¬ 
taminants of lead alloys are in part metal¬ 
lic oxides, with a much greater weight of 
metai in the form of very small spheres. 
The oxides are irreducible at the tempera¬ 
ture of ordinary fluxing. The entrained 
metal, which by weight may amount to as 
much as 80% of the dross, can be returned 
to the melt by fluxing. 

This ‘‘shotted metal” is held in that form 
by a thin layer of oxide on the spheres and 
by grease and other contaminants surround¬ 
ing them, which keep the spheres from 
being wetted by the molten lead alloy. 
This is the coating often seen on inner 
walls of the pot as well as floating on the 
metal. Purpose of the flux is to separate 
the oxide from the metal which it holds 
in the form of shot, and allow these to 
reunite wath the main body of metal. Il 
appears the loosened oxide, when welted 
by the flux, is coagulated and suspended in 
the flux body, which then ean be skimmed 
off. 

Many mixtures of oils, waxes and car¬ 
bonaceous materials have been used as 
fluxes, and they all w^ork. Most make a 
cloud of disagreeable smoke when stirred 
into the melted lead alloy; lighting this 
with a match causes much to burn off and 
disappear, hut by no means all of it. Non¬ 
smoking fluxes have appeared in recent 
years and these are a desirable improve¬ 
ment. On the other hand, sal ammoniac 
(ammonium chloride) is reported to be an 
effective flux but prone to rust tools, etc. 
which its fumes touch, so it is less desir¬ 
able. fn any case, fluxing and all casting 
should be done in good ventilation. 

Some details are important practically. 

Much of the dross will be finely divided 
and distributed through the alloy, rising to 
the surface only very slowly. The flux, 
however, acts almost entirely at the sur¬ 
face. The metai therefore should be stirred 
thoroughly while fluxing. After allowing a 
moment for dross and flux to rise to the 
surface for skimming, the fluxing and 
skimming should be repeated at least once 
and better two or three limes. 

Repeated fluxing with an oily or wa.\y 
material is likely to leave some oil or 
melted wax floating on the metal. This is 
picked up in the casting dipper and gels 
into the mold, which it spoils for satisfac¬ 
tory casting until the mold is cleaned. To 
prevent this time-consuming annoyance, 
finish the fluxing operation with a dry 
material, for example sawdust or charcoal, 
to clean the surface before proceeding. 

Dross from the first melting of scrap 
metal will contain much dirt and grease. 
Thereafter any dross wuTI he mostly metal¬ 
lic oxides. These are minimized by casting 
at the lowest practical temperature. Clean 
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metal and a clean bullet mold are most 
important for this. Additionally helpful are 
an aluminum alloy cut-off plate on the 
mold, and smoking the mold cavity. 

— 

Otied-Sawdust Casting Flux 

ago there wuJ mention of a spe- 
cia! flux for use in bullet casting, namely 
oiled sawdust, h it still good? Please 
explain. 

Answer: It is still good, but has become 
less useful in comparison with some new 
fluxes now sold to handloaders. 

The oiled-sawdust mix is prepared sim¬ 
ply by adding to dry sawdust, preferably 
hardwood, the amount of mineral oil it 
will conveniently retain. There seems to be 
nothing special about the kind of mineral 
oil. 

This item was described in The Ameri¬ 
can Riflemany Jan,, 1958, p. 30, in the 
second of four articles which reformed the 
loading of cast bullets in rifles. More 
questions and comments came in on that 
flux than on almost any other feature of 
the sefies. It was a bit disconcerting to 
find such a minor point seized on, to the 
disregard of the fundamental requirements 
for success which were brought out in 
those four articles: bullet metal adequately 
hard and strong, bullet lubricant favorable 
to good grouping, correctly dimensioned 
bullets, and powder type appropriate to the 
load. However, since that time the gradual 
acceptance of these fundamentals has 
brought great improvement in results. 

Returning to the flux, an NR A Life 
Member has reported using this oiled 
saw'dust in salvaging scrap lead filled with 
dross and foreign matter and considered 
to be beyond recovery by ordinary means. 
He stirs the oiled sawdust into the melt 
repeatedly and in relatively large quantity, 
and allows it to flame up until consumed. 
The operation of course is done in the 
open air where this procedure is safe. A 
very high yield of metal is obtained. 

But the new non-smoking fluxes now 
available are so much pleasanter to use 
that the bullet caster is no longer tempted 
to slight the required thorough fluxing 
during use. On the whole, these new prod¬ 
ucts are better.—E.H.H. 

Buying Bullet Metal 

Handioaders in non-industrial areas often 
have difficulty in obtaining lead alloys 
(other than the simple lead-tin) for bullet 
metaL They tend to overlook the adver¬ 
tisers of alloyed-to-order metals. By buy- 
ing their bullet metal thus made up as 
desired they can know exactly what they 
are using, instead of some uncertain mix^ 
ture concocted from local materials. After 
comparing some prices I believe the made- 
to-order alloys cost not much more than 
the new metals in them bought separately. 
Should this be more generally known? 

Answer: You make a very good point. 
Certainly the user of cast bullets can assure 
his alloy quality in this way, and at a price 
which under favorable conditions may not 
be excessive in comparison with other 
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shooting costs. 

But there remain serious disadvantages 
to this otherwise desirable method. 

One is transportation costs. Even highly 
alloyed lead, for example the very success¬ 
ful linotype metal, still is mostly lead, and 
the expense of shipping it from a distance 
makes it cost much more than equivalent 
lead procured locally. That can add heavily 
to the advertised price of the alloy. 

Then the hand loader may wish to use 
scrap or salvaged lead accessible to him 
locally at a more favorable price. Cer¬ 
tainly there is nothing against this if he 
can alloy it as required. He can get tin as 
bar tin or halTand-half solder. But tin is 
very expensive and its hardening effect 
quite limited, so for strong alloys only a 
few percent is used and necessary strength 
must be obtained with antimony. And there 
the difficulty appears—antimony may not 
be readily available, and alloying it with 
lead requires raising both metals to a low 
red heat. This may not be compatible with 
the electric melting pots which are now 
deservedly popular. 

There is a simple and effective solution, 
but it requires antimony already alloyed 
with an equal weight of lead. In that form 
it melts without difficulty and mixes fur* 
ther with lead in any desired proportion. 
If it must be shipped in, the small weight 
of lead involved does not add excessively 
to the transportation cost. It should be 
supplied in small 1-lb. ingots for adding 
conveniently to the meJiing pot. 

Making up such a half-and-half antimony 
alloy is simple for a metals supplier. The 
handloader who prepares his own bullet 
metal and needs only antimony should try 
to obtain it in that form*—E.H.H. 


Conservative Casting 

Racine, Wis. 

Editor: 

With the growing emphasis on conserva¬ 
tion of energy and resources and out of 
desperation at the rising cost of electricity, 
I began to wonder what I could do to cut 
down the costs of my handloading. Noth¬ 
ing occurred to me, though, until I was 
casting bullets one evening. 

Previously I had gotten good results by 
casting linotype bullets at the 750° tem¬ 
perature setting on my lead pot. On this 
particular day, T noticed what appeared to 
be an exceptional amount of dross on the 
alloy. And, the pouring spout was leaking, 
I concluded that the interior of my furnace 
needed cleaning. After emptying the fur¬ 
nace, I removed the spigot plug and al¬ 
lowed it to cool down, I then fitted a 
electric drill with a cup-shaped wire wheel 
and proceeded to “clean'" the bowl of the 
furnace* The amount of dirt that had ac¬ 
cumulated over a period of years was 
staggering. 1 then cleaned out the spigot 
opening and relief opening on the inside* 
reassembled the unit and returned to the 
task of melting metal. Did I get a surprise! 
The metal melted faster and at a lower 
temperature. I finished casting at 650° on 
the furnace scale. 


Good bullets can be cast earlier i A 
mold is hot, so I place my mold on I ^ 
furnace while it is being brought inp) r 
operating temperature. Then, when 1 1 
ready to shut down my operation, 1 utf 
the furnace and continue casting unlil 9 
alloy begins to cool. In this way 1 1 
up for some of the wattage used to t 
the furnace up to temperature. 

Most of my casting is done m Ehe I 
ment, near a window with a fan in; 
for exhaust. 

During the warm months, I movti 
operation to a garage and eliminalQ^ 
use of the window fan. 

All this is basic, but basics have a ^ 
of eluding us on occasion and m i&! 
times of higher costs, better basics ca 
hurt* 

—Frank Tm 


Smoking Bullet Molds 

There's much misunderstanding al 
why smoking a bulJel mold tmprtl 
casting. IFs not so hard to undeisl 
when you think about it. Soot depa 
by a match or carbide lamp is 
extremely porous layer of carhom^lu 
contains trapped air. This gives theliji 
insulating qualities which slow Ihcrjiti 
which heat is transferred from themoltf 
metal to the mold blocks. This meaai 
alloy can retain its heat longer, giviiijj 
more time to fill the mold cavity. Am 
benefit is that it often permits a rediK 
in pot temperature w'hich help^ rediill 
dross ing. 

The layer never gets overly 
because of the insulating nature of ll 
soot. Mold blocks rapidly conduct h 
away from the flame, coolinll 
combustion products, causing a port 
the carbon to condense on the i 
surface. But once the layer has dcvdo| 
the flame Is insulated from the moUi 
there is no longer a cool surface on nit 
additional carbon may be depositeiiT 
makes the process self-limiting. Som 
a little .. . smoke a lot. the resulh^ 
always be the same. — Dennis MahI 
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P aper patched cast bullets now can be loaded 
in JOS and J0-'06 rifles to the full power 
[ ind grouping accuracy of factory ammunition, 

\ Jht American Rifieman staff completed this 
iarnental development in late 1976. 

Piper patched bullets were used alongside 
Uirooved lubricated bullets throughout the 
"^kkpwder cartridge era. After riOes designed 
I Cor smokeless powder were introduced in the 
Ms. there began a long development of cast 
I Wtcts for these rifles also. While there was a 
I Imited trial of paper patched bullets made like 
tliow used with blackpowder, the development 
I jMn became devoted entirely to grooved lubri- 
cjtKl ballets, with a copper “gas check" cup att- 
I jchcd to the base for protection so far as possible 
fram the hot, high pressure smokeless powder 

For more than 50 years the success of these 
i te lubricated bullets remained equivocal. Fac- 
lD[y velocities of such cartridges as the J0-'06 
todd not be equaled, and shooting accuracy 
tiflfK was unsatisfactory even at much reduced 
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velocities. Some handloaders did well enough to 
keep them going., while others tried and dropped 
it. Many more never attempted it, deterred by its 
reputation for failure. Most published material 
simply repeated old information and misinfor¬ 
mation from decade to decade to decade. 

Then The Amerkm RiJIeman reexamined the 
subject in a fundamental way, beginning with a 
four-part article “Cast Bullets In Rifles”, 
December, l9S7-March, 195S. The exam¬ 
ination continued in succeeding staff articles, 
until by 1965 the basic requirements for success 
had been established—hard and strong bullet 
metal, correct bullet dimensions, sizing in non¬ 
damaging dies, a bullet lubricant which provides 
accurate shooting in smokeless powder rifles, a 
fiber filler over the powder where appropriate, 
and powders appropriate to the load. Under¬ 
standing of these requirements is slowly spread¬ 
ing among handloaders, and performance is 


obtained which with the old methods was totally 
out of reach. 

It now appears that the capabilities of this cast 
bullet system may have nearly been reached, 
though of course refinements (as opposed to the 
basics toward which The American Rifleman*s 
development was directed) can continue almost 
indefinitely, as with all ammunition. The limit¬ 
ing factor has become clear: it is softening of the 
lead bullet surface by the hot, high pressure pro¬ 
pellant gas, which cannot be kept off it by 
methods used hitherto. 

This limitation is removed by wrapping the 
bullet in paper. The initial development was 
reported in the article “Paper Patching Makes A 
Difference”, by this writer < The American Rifle¬ 
man, March, 1972, p. 18-22). Additional notes 
appeared in February, 1974, p, 24; May 1974, p. 
62; and January 1975, p. 63. Some fundamentals 
remaining unsettled have been worked out since 


Bullets as they come from four-cavity mold are shown at upper left. After paper patches are 
rolled on, the remaining tail is snipped off with side-cutting pliers. 


Paper Patched Bullets Come Of Age 


By E, H, HARRISON 

The successful designs of cal. .30 paper patched bullets. 
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Specifications of Crane extra No.1 quality 100% rag paper, the best patch paper found How¬ 
ever, standard water-marked 16-lb. bond paper is more practicably obtainable and does 
well. 


then in long testing, with results recorded in a 
data-sorting system for analysis. 

Bullet, patching, loading 

The development was begun wkh conven¬ 
tional cast rifle bullets lathe-turned to dimen¬ 
sions for patching. Then hulLets specifically 
designed for the purpose were cast in molds 
made to order by Lyman Gun Sight Division, 
now Lyman Products For Shooters. 

(This is the place to recognize, with apprecia¬ 
tion, theexceliem maids which Lyman has made 
Jar these paper patched bullets. Lyman has long 
provided bullet molds far all requirements. 
There have been times when, without these, 
much rifle and especially handgun loading could 
not have continued.) 

The first of the paper patch molds was 
designed for a smooth bullet, according to the 
practice in blackpowder patched bullets. Its 
shooting was quite unsatisfactory in these 
smokeless powder calibers, until small grooves 
were lathe-turned in each bullet. The design 
therefore was modified by adding five small 
grooves, and this succeeded. The function of the 
grooves will be explained. 

The two bullet designs which proved success¬ 
ful are illustrated. They are identical except for 
length forward of the grooves and the conse¬ 
quent difference in weight. The longer bullet 
weighs 196 to 204 grs. depending on the alloy 
(harder alloy is lighter); the other bullet 160 to 
166 grs. Molds for both are available from 
Lyman, the 160-166 gr. as No. 301618 and the 
196-204 as No. 301620. 

Gas checks for these bullets were obtained by 
sizing Lyman gas checks in a die made by The 
American Rifleman Technical Staff. The gas 
checks improved performance somewhat at 
highest velocities. Then continued improvement 
of the loading methods made the bullets success¬ 
ful without gas checks up to full allowable pres¬ 
sures, and hence velocities, so the gas checks 
were dropped. The gas check shank on the bullet 
base helps in closing the applied patch over the 
base, and also helps anchor the patch during bull 
et seating in case necks, so the gas check base is 
retained. 

For full loads in ,308 and .30-06 rifles these 
bullets should be cast in an alloy of 16 to 20 Bri- 
neli hardness number (BHN), which is a little 
softer than linotype metal. For 2000 f.p.s. loads 
they can be as soft as 12 to 14 BHN, the equival¬ 
ent of two parts Lyman No. 2 metal mixed with 
one part lead. Such an alloy is much softer, 
hence less costly and more easily procured, than 


is required for even this modest velocity in .308 
and ,30-06 with conventional cast rifle bullets. 

A high grade paper of suitable type is required 
for patching, as one would expect. The best 
readily available paper found for the purpose is 
Southworth Four-Star Bond No. 402 C, 25% 
cotton fiber content, in 16-lb, weight. It is about 
.0033" thick, correct for these bullets. Paper of 
other makes, if of equal type and quality, might 
do as well. 

This matter of patching paper has been 
followed up because of its importance. The very 
best so far found is a Crane 100% rag paper as 
described in the illustration. It is difficult to 
obtain at retail. Also, the matter should be kept 
in perspective. An experimenter who tries to buy 
succe.ss w^ith efforts to obtain this particular pa¬ 
per, while failing in any of the fundamental 
requirements laid out here (there are only a few, 
but they are necessary) will fail. 

Cut the patches to a length which, when 
wetted and wrapped on tightly, will go ju.sl twice 
around the bullet; this length is about 1.92" or I- 
59; 64". In American blackpowder rifles 
designed for patched bullets, it was considered 
important that the long fiber of the paper run 
with the patch length, since in those rifles the 
patch could be made to stay in one piece on the 
bullet during discharge. But the rifling in .308 
and .30-"06 rifles cuts the patch to pieces, and the 
fiber direction does not appear to matter signifi¬ 
cantly. Still, it is as well to lay the patches out 
with the fiber direction along their length—the 
long way of the paper sheet. Angle the patch 
ends at about 60° to the patch length; the exact 
angle is not important, but it should be the same 
on the two ends of the patch. Make the patch 1- 
1/8" wide, to allow for closing and twisting it 
positively at the base. 

Patching the bullets is simple. U does require 
developing by practice a degree of manual skill 
with these small cal, ,30 bullets, where .45 rifle 
bullets are very easy. Wet the patch with saliva 
on both sides. Lay it down pointing away from 
you. Lay the bullet on it with the near corner of 
the patch started over. Holding that corner 
against the bullet, lift the bullet and pull the 
patch tight while holding its far end down. Set 
the bullet down; still pressing down on the near 
patch corner, roll the bullet back a little to make 
sure the point is stuck down; then roll it forward 
all the way while continuing to press down hard. 
Stop at each half-inch to see that you are rolling 
it straight, and adjust direction as required. 
Wrapping tightly in this way is done most easily 
on a thick rubber sheet. 

As soon as you have started to roll the bullet 


Cast Bullets 
For Game 


M ooihn developments in casl bulkts^l 
nllcs bullet lubricant favorable toiiM 
racy, hard and strong bulki metal, correcihuli 
dimensions, fiber fillers, powder suitable toihf| 
load and paper patching have been descfil^ 
i 11 s I a iT-pre p a red a rt i c le s i n The i n i erk an /fifl 
tuan. These have brought the pL’ilorinLinc{ll| 
east hiillels in rillcs up to a remarkubkl 
com pa red to what it used lo be. I hcarticbiil^ 
h a V e p 11 > m p t ed m a ny N K A M e m be rs i o i ni|uii 
vv by the use ot such bulleis on game has noi 
described. 

The Amerkan Rifleman has not prnpos 
these bullets for use on large game becauseElKt!| 
has been no real need. 

One of the important advantages of aid| 
bullets to the hand loader is great cost reductw^ 
^As it works out , the effective advantage is it | 
permitting more shooting within iivailai 
means.) This aspect does not apply in jamtl 
shooting, other than small game Bulletsshot«i| 
large game represent a trifling consideratil 
compared to all the other costs of huntingfitl 
big game hunter therefore can buy factor 
bulleis for that purpose, and lake advafiiagtd 
the long development which has gone inloEkij| 
for the special purpose of game shooting. 

Still, the mailer unquestionably isofinicre 
to handloaders, and cast bullets have beeiiLbd| 
on large game w iib success. 

The fundamental development of paptrl 
patched bullets in cal. .30 rifles has only recent^ I 
been completed, and is published here for tlitj 
first time. But there is material on eonventwi 
cast bullets. 

Cast bullets of large caliber have beenuid] 
successfully on the heaviest American 
Some years ago Winchester published asanuit-i 
ler of interest i he experience of a Wesiern hLi[tWf| 
who used a .45-90 Model 1886 Winehesierri!k.[ 
It was loaded with gas-check bullets, ntNf| 
details not given. While the hunter plannedlofii 
his license with a meat animal, a near-reca 
head appeared, and be downed the bigelkivillil 
two shots and no complications at all. 

Such bullets are considered in the artcckl 
‘'Matching Bullets With Hunting Methods"I jj] 
Will Haller {The Anjerican OcUJ 

1971, p, 28-34). The author notes that cal. .^5 j 
cast bullets of 500-gr. weight have proved in | 
,shooi through elk almost from end to eii<Lj| 
anchoring them lo the spot; this was cunsidi 
to be the most favorable type of performance^ 
against such game in heavy cover. He lists a 500-1 
gr. gas-check bullet among his preferred bu1ldr|| 
for elk in these conditions. 

But whitelail deer is the "big game" of most | 
U.S. hunters. The practical question iswhctIwJ 
cast bullets can be effective on that game, when 
fired from cal. .30 rifles m which practical nil 1 
the rille cast bullet development carried out bjf | 
The Amerk an Rifleman has been done. 

When that is proposed, the first reaction of I 

(i unlmited wn p. 
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IpBtchecJ bullets stuck m a cardboard or wood block can be Teflon-sprayed most rapidly and 
]m\i^ 


nkurd, it will be obvious whether the patch is 
I on lighi. If not, it b because the point was not 

J 3nddown, 

|l When the patch is all tolled on* hold the 
l[^;M;sed edge down and gather the projecting 
llflK paper into as fine a tail as possible, then 
I Itisi to tighten the patch. Though the patch is 
I nuiie wet, you will be able to close and twist it 
RNy without tearing the paper. Then the 
Ipilch, even while still wet, should be so light that 
fii is difficult or impossible to turn it on the bullet. 
Allow the patch lo dry hard. It will shrink 
hily on the bullet. Drying can be speeded if 
tebd by gentle warming The dried patch 
Jjauld be impossible to turn. Cut the dried tail 
flfldosc with small sidcHrutting pliers* leaving a 
l«rvsmall twisted stub to prevent unwinding, 

iPatch lubrication 

This paper patch must be lubricated for good 
* loting. U.S. Target nflemen in the black- 
rpflwderera often shot the patch dry when they 
taned the rifle bore for each shot, but in fixed 
munition the patch might be lubricated with 
^tmoii and a wad loaded under the bullet. The 
iicli of the British .450 Martini-Henry service 
pilke was lubricated with wax, and a cupped 
II 3 .itwad was loaded under the bullet; eventually 
linias found that the wad did not lubricate the 
liiflcbore, but it did give a desirable sw^eeping 
fttion (“Wads Under Patched Bullets”, The 
mkun Riffeman. November, 1972, p, 90). 
dory ammunition* designated ^'waierproor 
plhelast listings of U.S. factory patched bullet 
munition, indicate patch lubrication, 
^Conventional and unconventional lubricants 
litre tried on the paper patch throughout this 
I SR A development, and were found to have an 
lOEitshingly great and variable effect. Correct 
Irialion is necessary to success. 

^Dry lubricants-graphite, MoS^, mica, and 
fenori in several forms —all failed when used 
■jtonc. Lithium automobile grease rubbed on the 
Jpplied patch does fairly well, and a mixture of 
mKliiii] parts by weight of lit hi um grease and pow- 
bred mica does better. This is contrary to N RA 
Ijaflexperience with lubricants on conventional 
Ikic grooved cast huilcts* on which any admix- 
llureofdry lubricant Impairs the shooting accu- 
locy. 

Unquestionably best has been Teflon sprayed 
[oflihe patch lightly and evenly -Iw^o makes ol 
Ijefloo spray cans proved to be equivalent 
|htrr—and allowed to dry. Then put the bullet 
llrough a conventional slzer-lubricaior with 


.310" or .3105" die and standard Alox bullet 
lubricant. Finally wipe any excess lubricant off 
the patch: if left on it lends to open the groups. 

This .siring over the patch turns out to be 
important also to fit the bullet to most .308 and 
,30-'06 barrels. Nearly all these barrels have forc¬ 
ing cones of one or the other forms illustrated 
here. While the two forms differ* the important 
thi ng is that both are made to the .310" mi nimum 
diameter at rear end of the forcing cone. A bullet 
of the designed .301" diameter measures about 
.313" over a lightly applied patch of .0033" pa¬ 
per, This shoots through the .310” forcing cone 
origin better than might be expected, but rings of 
hard paper are cut off some patches and these 
interfere w'ith good grouping. Siting the lubri¬ 
cated patch to .310" or ,3105" prevents this in 
almost all barrels. A few special barrels are 
smaller than ,3t0" at this point, and sizing in a 
.309" die has been satisfactory for these. Even 
this heavy sizing can be done on properly ap¬ 
plied and lubricated patches, in sizer-lubricator 
dies correctly made with a smooth tapered 
entrance for the bullet, Most present dies are so 
made. 

So far, so good. But here Lyman threw us a 
curve. (This is not to take bat k the welhdeserveii 
compliment to Lyman already expressed.) The 
original No, 301620 mold cast its bullets close to 
the designed .301" diameter, allowing devel¬ 
opment to proceed without complications. But 
the next mold tried, for the shorter 301618 
bullet, was found to cast a .3035" diameter, and 
the molds now supplied for both bullets cast this 
oversize, in accordance with Lyman’s long prac¬ 
tice, When 1 objected, K.en Ramage of Lyman 
pointed out that Lyman already has a standard 
.301" bullet sizing die, with which these bullets 
can be brought to JO I" diameter. That means 
first sizing the bullets and then removing the nec¬ 
essary sizing lubricant from them before 
patching, if the patched bullets are to shoot well; 
thus it adds not one extra operation but two. 
Also, it requires the user to possess a Lyman 
sizer-lubricator or one of another make which 
can u,se Lyman dies. Since, however, the availa¬ 
ble Lyman molds are so made, we had to see 
what we could do. 

Then an important favorable aspect appeared 
at once the oversize bullet fits worn barrels 
better. Most barrel wear is on the lands before 
the chamber, and some occurs there with very 
little firing of jacketed bullets and most propel¬ 
lants. Then Ihe exposed forward part of a .3035" 
patched bullet fils and aligns it in the best possi¬ 
ble manner. Wear is greatest on rear ends of the 


lands and tapers forward to zero; so if the 
amount of barrel wear is uncertain* it is best to 
begin with the shorter 301618 bullet, A trial will 
show at once whether the unsized patched bullet, 
loaded in the cartridge case, will chamber and 
enter over the rifling lands. If it will not, it will 
have to be put through the JOT die before 
patching. A very little wear will, however, allow 
it to be used as cast. 

I had thought the above would be the only 
material complication in the use of these paper 
patched bullets. Then, almost at end of the de¬ 
velopment, a .30-'06 pressure barrel was found 
to be chambered so far off-axis that the loaded 
rounds could not be chambered because of inter¬ 
ference between bullet and barrel bore (the 
ammunition was assembled straight, etc.). Even 
lathe-turning the upatched forward portion of 
these bullets down to .296" diameter did not 
remove the interference completely. It is not 
noticeable, even in this barrel, with usual jack¬ 
eted bullets, which in normal loading have very 
little parallel exposed outside the cartridge case; 
thus it is a special disadvantage of these patched 
bullets that they may suffer such interference. A 
similar situation* though not nearly so bad, was 
found in a new .308 free rifle also, thus in two 
barrels of supposed high quality. But nothing of 
t he k j nd a p pea red i n a va riet y of.308 a nd , 30-'06 
factory rilles used extensively with these patched 
bullets* so perhaps we may assume that such sev¬ 
ere barrel defects are unusual. 

The bullet design 

1 have been more than a little startled when 
some persons* on being informed of this devel¬ 
opment, instantly recommend how it should be 
done, though they have had no knowledge of vt 
at all. So its principles should be explained. 

rhe most striking feature is that the bullet is of 
the same diameter from end to end, except for 
the short point and stepped base. A correct 
patch then fills the rifling as lightly as practica¬ 
ble, while the unpatched forward length fits on 
the rifling lands and aligns the bullet. The diame¬ 
ter is chosen lo provide for both this forward fit 
and for patching w^ith the best paper for the 
purpose, 1 he bullet being a straight cylinder, as 
much of its length can be patched as accommo¬ 
dated by the cartridge neck (these bullets should 
not be loaded to extend below the neck) and by 
the barrel throating and state of wear. The small 
bullet grooyes appear to hold the patch during 
discharge (at least they have been found neces¬ 
sary lo accurate shooting)* and they indicate the 
patch position for wrapping on. The stepped 
base has been explained. 

The short but relatively sharp point was 
chosen to combine minimum head drag with 
maximum bore guidance, as welt as possible. As 
the drawings show, it is an old Lyman-Ideal 
head form. A longer point would give less head 
drag and thus less velocity loss in flight, but ex¬ 
perience with long points in rifle cast bullets has 
shown their failure to align the bullet reliably in 
heavy loads. 

The design includes an important additional 
feature. For use in a new barrel the bullet is sized 
in a .30r die before patching, as explained, 
while for a worn barrel it is used as cast. Unlike 
conventional lubricated bullets* the die sizes this 
cylindrical form also in the ungrooved forward 
part, which in the loaded cartridge extends over 
the barrel rifling. The diameter of that part is 
adjusted, by sizing or not sizing as required* to fit 
the rifling lands and perform its function of 
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starting to roll patch on; direction of wind¬ 
ing is immaterial since patch cuts to pieces 
in firing. 


aligning the bullet -something which the con¬ 
ventional two-diameter cast bullet cannot be 
adjusted to do. Thus the overside molds, which [ 
objected to w^hen Lyman so dimensioned them, 
give the patched bullets this important capabil¬ 
ity, though that was not intended. 


Loading and performance 

In contrast to all these special bullet features, 
the loading is almost completely conventional. 
Fired cases are sirred in the usual way, with the 
standard .3065"-.307" neck expanding plug as 
for jacketed bullets—not a larger diameter, as 
the very light neck left by the standard plug is 
necessary for best shooting. The case mouth is 
smoothed and then belled a little to allow the 
patch to start in without tearing—the only spe¬ 
cial preparation. The bullet then will seal 
smoothly, and the patch will not be damaged at 
all; pull a few bullets and examine them to be 
convinced. The patched bullets having been lub¬ 
ricated and si/.ed in a .3I0"-.3I05" si?.er- 
lubricator as already explained, seal them in the 
case necks to a depth which brings the patch 
against the barrel forcing cone about midway up 
the exposed paper. Thiscariridge is stronger and 
more rigid than most cast bullet loads. 

A great many .308 and J0-’06 patched bullet 
loads were tested oveV the last four years, and 
American Ri/lenwn staff member K.en Raynor 
measured the velocity and pressure of 24 .308 
full loads. Among all those tried on targets and 
by ballistic measurement, the three ,308 loads in 
the appended table were the best. The .30-06 
received much less attention, but the two .30-'06 
loads in the table are good. 

As would be expected in such an untried Field, 
the shooting was at first quite variable. With 
improved knowledge of fundamental require¬ 
ments, the results became more regular. During 
most of 1975 and 1976 there were relatively few 
.308 five-shot groups larger than 1*1/2 m.o.a. 
from machine rest in the NR A indoor test range, 
or from bench rest at 100 yds,, but at the 

same time almost none under 1 m.o.a. or T. In 


^ fcontinued from p. 94.) 

experienced hunters is likely to be negative. 
Their reason is that for accurate shooting the 
bullets must be made of a hard and strong lead 
alloy, this being one of the most important find¬ 
ings during the NRA development, and so they 
cannot expand properly on game. Perhaps this 
view should be examined more closely than it 
has been. 

The article ‘‘Bullet Performance on African 
Game"" by George Jacobsen {The American 
RifkfUan. April, (974, p, 26-28) remarks that 
while practically all American hunters swear by 
expanding bullets, in almost complete opposi¬ 
tion European shooters living in Africa favor 
full-jacketed bullets for most game. After shoot¬ 
ing soft nose ammunition for the first year with 
poor results, Jacobsen also began to purchase 
hard nose ammunition. He points out that a 
hunter on 30-day safari obtains only 15 to 30 
head of big game, and even this small number is 
taken with shots fired only when the accompan¬ 
ying professional hunter judges conditions 
favorable, thus further limiting the value of the 
huntefs conclusions. By contrast, the article 
reports results on nearly 200 head of game of 
varied size, shot often under difficult conditions 
which greatly increased the need for bullet per¬ 
formance. Jacobsen concludes that bullets 
should expand but never shed their jackets. In 
the cases illustrated in his article, however, full- 
jackcicd bullets were successful even though not 
expanding. 

Even very hard cast bullets expand when 
made hollow-pointed by casting in a hollow¬ 
pointing mold. American hunters have objected 
to this on just the opposite ground, namely that 
the bullet then expands loo much; the forward 
part blows to pieces to depth of the cavity, leav¬ 
ing only the remaining body to follow through. 
Americans traditionally have desired that the 
expanded bullet retain as much of its original 
weight as possible. It may be remarked that the 
practice in German hunting bullets, based on 
study at least equal to ours, provides for expan¬ 
sion and fragmenting of the forward third or so 
of the bullet, leaving the reanwo-ihirds intact - 
which happens to be the action of the hollow- 
pointed cast bullet. One of the most effective 
American game bullets, the Nosier partition, has 
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Two usual forms of .30-06 and .308 forcing 
cones are both about ,310"' at base of cone, 
requiring sizing of the patched bullet (see 
text). 


this same action, and some other recent m 
approximate it. So the old view on this p^nii 
lar requirement may have changed, all 
among some riflemen. 

But while the above is all worth zm 
era I ion, the ultimate test is performanctonitl 
game, and on that there is not a great deal dal 
orded information. Reports of cast bulleti«if 
w hiletaildper have been received at NRA Ha 
quarters at intervals over the last decade. T 
never has been an unfavorable comntenlij 
them, and the u,sers have remarked on Ih 
effectiveness. This has been the case despite ha 
alloys used. An unusually well qualified XW 
Life Member comments that in hisexpencM 
ts inadvisable to use the Lyman l70-gt^\J 
311291 bullet, cast of linotype metal, onivliilt] 
tail deer at muz/le velocities above 24001,p 
because of the destructive effect. This bulleici 
hollow-pointed and loaded to 2300 
resulted in destruction of an entire hindquj 
of one deer.. 

On the other hand, the number of rep£Mili6| 
been very limited. There is no inlormaiiotijr 
how many other hunters may have usdilig| 
bullets and whether they have had unrepnflt 
failures. Shot placement must be of 
importance. The hand loader who has made i^| 
and tested his ammunition with care is likdyld 
use it the same way, and his accurately plat 
shots give him a tremendous advanLa|;i^. Ml 
what if widespread use were to bring more Ejm 
cal shiuuing, and deer often were oii^l 
paunched? Such hits would be effective willl 
hollow-poinl cast builds, but it appears ihtxl 
may be undesirably destructive othen 
Might some of the long-developed factory ^unfl 
builds, even though no one claims they are pEtq 
feet, compromise these conflicting requireme^ 
better'.^ 

The above points out how limited it thfl 
information so far available on cal, .30 caAl 
bullets for deer. Also the use of these bullets a i 
deer certainly amounts to only some extrera 
small fraction of their total use, thus havingVEiy 
little effect over all it has seemed as well, forih 
present, to let some of those skilled with cut 
bullets obtain more information on their uscm 
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the summer of 1976 this picture changni! 
Groups of I" and under began to appear, aad ii 
September and October, 1976 about half Ibe 
iOO-yd. groups with l96-gr. No. 301620hulleik 
shot in two Remington 40-XC position rifb, 
were under I", The tests were concluded shortly 
afterwa rd. 

Except for assembling all rounds in a strai|)U^ 
line bullet seater, and on one occasion selecting 
bullets by weight, all loading of these paper 
patched bullets was done in the ordinary mannet- 
wrtth conventional loading tools. The re^ttl^ 
menis of weighing bullets, weighing or necktani') 
ing cartridge cases, etc,, remain in future iaibt 
hands of users. 

As a matter of interest, American Riflemait] 
.staff member CE, Harris in June, 1976, tried a 
.308 full load with the l96-gr. 301620 bullet, sim¬ 
ilar to the one in the fable, at lOO, 200, and 30(1 
yds. The five-shot group at 300 yds. measural| 
2,80", with its center 2r below the lOfryd. 
impact. He thereupon offered to shoot this load 
in regularly scheduled 1000 yd. matches. Due to 
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.306 Win. Lyman 301618,160 gr., 2750 f.p.s. C=.269 


Range 

Velocity 

Time 

llevatlon 

Deflection 


yds. 


aec. 

m.o.a. 

Ina* 


0 

2750 

0 

0 

0 


100 

2433 

.116 

2,5 

1.3 


200 

2142 

.247 

5,4 

5.2 


300 

1876 

.397 

8.9 

12.6 


500 

1428 

.765 

18.2 

39.0 


600 

1249 

.912 

20.9 

45.7 


1000 

911 

2.136 

64.9 

186.0 


Tft 70 m.p.b. cross wind 





.308 win. Lyman 301620,196 gr., 

2440 f.p.s. C 

=.354 


Rtnge 

Velocity 

Time 

Elevation 

Deflection 


yds. 


lec. 

m.o,i. 

Ins,* 


0 

2440 

0 

0 

0 


100 

2201 

.129 

3.1 

1.4 


200 

1979 

.273 

67 

5.5 


300 

1773 

.434 

10.8 

12.5 


500 

1418 

.813 

21.2 

36,6 


600 

1270 

1.036 

27.9 

44.6 


1000 

950 

2J55 

67.7 

166,0 


* in 10 m.p.h. cross wind. 






Firing tables for 160-gr. 301618 and 196-gr. 301620 paper patched bullets at .306 velocities. 


ibfi comparatively short bullet point (see above 
wplanaiion of the design considerations for 
Ihese paper patched bullets, including the reason 
for the short point) the load would require con- 
1 rklerably more wind allowance than normal 
match loads; but otherwise it appeared quite 
practical to him, and he is an experienced long 
range shot. 

Accordingly, a similar load was fired at the 
H P. White Laboratory, Bel Air, Md., in July, 
1976 to determine the ballistic co-efficient for a 
firing table. Harris did thefiring,and the Labor¬ 
atory measured velocities at !5 and 889 ft. on 30 
consecutive rounds. Twenty rounds of these 
were registered on a paper target at 300 yds,, 
iialctng five-shot groups of 5,00", 6.3S'", 6.00'' 
ind 7.09". These average 6J3", or 2 m.o.a., 
which U larger than other groups at that time 
even when the development was not yet com¬ 
pleted. However, the firer had to contend with a 
cross wmd and also the somewhat distracting 
presence of photo-electric velocity screens just 
More the 300-yd. target—though as it turned 
ml the ammunition was reliable and the photo¬ 


screens were in no danger. 

Velocities of 2474 f p.s. at 15 ft, and 1811 f.p.s. 
at 889 ft. yielded, after correction for air temper¬ 
ature a nd density, a rounded value of. 354 for the 
ballistic coefficient of this 1%-gT. 301620 bullet, 
on the usual Ingalls-Siacci drag function. For 
the i60-gr. 301618 bullet, which differs only in 
weight, the ballistic coefficient then is about 
.289. The corresponding form factor is about 
.85, which is near enough to unity that firing 
tables may be made on ballistic coefficients left 
constant over the velocity range involved. Firing 
tables for these two paper patched bullets at ,308 
velocities are given herewith. 

Unfortunately I failed to complete the devel¬ 
opment until October, 1976, too late for ammu¬ 
nition to be made up and used in the season's 
long range matches, so that opportunity was 
lost. 

The basic .308 development was completed, 
the ,30-'06 less so. The fundamentals were es¬ 
tablished, leaving experimentation with primers 
and powders to hand loaders who enjoy it, as 
many do. Some trials here have indicated that 


considerable experimenting with components 
may be necessary to obtain results at all 
comparable with those given in the tabulated 
loads. $0 it may be as well first to use the loads 
shown, verifying in this way that the bullets as 
used are made correctly. 

These bullets, properly patched and sized- 
lubricated as described, are more forgiving of 
mistakes than conventional cast rifle bullets. 
Unlike the latter, the patched bullets can be 
made too hard; then there will be wild shots, due 
to insufficient expansion into the rifling. But 
patched bullets made softer than they should be 
will open their groups only moderately, unlike 
the disaster which results from the common mis¬ 
take of using soft metal in conventional cast rifle 
bullets. Still, however, it remains possible to 
make patched bullets poorly enough with 
grossly soft metal or otherwise to defeat them. 

Details applying only in special conditions, 
such as use of thin patch paper,aTe omitted here. 
Nor are smokeless powder calibers included 
above or below .30. The March, 1972, article, 
which opened the subject of paper patched 
bullets, describes how conventional rifle cast 
bullets not more than .00 T above barrel groove 
diameter can be patched for use as an interim 
measure. When molds for bullets of this new 
design become available in other calibers, it can 
be expected that small sizes will require devel¬ 
opment of considerable manual skill to patch, 
while large rifle bullets, as 1 have already found, 
will be easy. 

Summary 

The above gives a one-ti me explanation of this 
paper patched bullet system, as required for an 
understanding use. The following short direc¬ 
tions summarize it and show its essential sim¬ 
plicity; 

1. Cast the bullets of hardness according to 
the load—for full loads, BHN 16-20, or slightly 
softer than linotype (the softer metal for the 
shorter bullet); for 2000f.p.s., about BHN 12-14 
which is softer than Lyman No. 2 metal. Hard¬ 
ness is not critical but must be approximately 
correct for best results. Very unsuitable metal, of 
course, will fail, 

2. Size bullets .30 F, provided that is neces¬ 
sary for chambering in the given barrel. Wipe 
sizing lubricant off before patching, 

3. Wrap patch as described, allow to dry, and 
clip dried tail off short but not Hush. For most 
barrels, the patch should cover the second bullet 
groove. Quality 16-lb. bond paper, 25% cotton 
fiber, is very nearly best and meets all but the 
most advanced requirements. 

4. Spray applied patch with Teflon, then size 
in conventional .310" or .3105" sizer-lubricator 
with Aiox standard lubricant. If Teflon spray is 
not available, rub patch instead with Motor 
Mica (which, like TeHon, is not dirty) before siz¬ 
ing. Wipe off the sized-lubricated patch. 

5. Size fired cases and expand case necks as 
for jacketed bullets, and bell case mouths only 
slightly. Bullets will seat smoothly, and tight 
neck is necessary for best shooting. Seat bullets 
to leave 3 /16" to 5/16" of patch exposed as 
required to touch barrel forcing cone on cham- 
beri ng. 

6. Start with the tabulated loads, 

Atl the firing tests since 1973 on these 
huiiets—in rifles, machine rest barrels, and pres¬ 
sure barrels — were done by staff members V. 
Sears, J-B. Roberts. Jr., K.C. Raynor. andC.E. 
Harris, to whom my best thanks .—■ 


1 e-shot 
Strings 

Laboratory-tested loads In .308 and .30-06 

Velocity 

Bullet Powder Muzzle 15 ft 

Pressure 

c,u.p. 


In .308: (>ll with WW 8-1/2-120 primer) 


2 

160-gr. 301618 

50 gr, WW 760 

2731 

2740 

47120 


BHN 17 

no fiber filler 




4 

196-gr. 301620 

45 gr. WW 760 

2426 

2439 

42900 


BHN 19 

no fiber filler 




3 

204-gr. 301620 

30 gr. IMR 4895 

2017 

2028 

- 


BHN 13 

1 gr kapok filler 





In .30-'96; {both with CCI250 Magnum primer) 


1 

160-gr. 301618 

53gr WW760 

2616 

2834 

46620 


BHN 17 

no fiber filler 




1 

196-gr. 301620 

49 gr. WW 760 

2515 

2530 

44350 


BHN 19 

no fiber filler 



















Fort Henry Guard team competing in 
authentic uniform at the DCRA1976 black- 
powder matches. 


I NTEREST in long*range blackpowder 
target shooting has grown steadily 
over the past several years. The availabil¬ 
ity of many we 11*made replica black- 
powder arms has followed closely upon 
heightened interest in the colonial and 
frontier periods. 

Nowhere has the revival in long-range 
blackpowder target shooting caught on 
more successfully than in Canada. The 
109-year-old Dominion of Canada Rifle 
Association has, since the Canadian cen¬ 
tennial celebrations of 1967, held yearly 
blackpowder Annual Prize Meetings 
going back to the traditions of DCRA 
teams which competed in the Creedmoor 
Matches of the 1870’s. Five blackpowder 
matches are fired, at ranges from 100 to 
300 m. Authentic DCRA 1868 gold, silver 
and bronze medals are awarded in each 
event, and two large silver trophies, the 
Loyalist Cup and the Ranger Cup, are 
awarded for the 100 and 200, and, 200 
and 300 aggregates, respectively. 

In some matches, only prescribed arms 
may be used, as in the Snider and muzzle- 
loader matches. In most matches, howev¬ 


er, any breech- or muzzle-loading rifle 
may be used, if it is of a type authentic to 
the blackpowder period and does not 
confer any undue modern advantage 
upon the user. Breech-loaders must fire 
cartridges originally intended for black¬ 
powder. 

Two excellent arms of current manu¬ 
facture which satisfy the DCRA 
blackpowder target rifle requirements are 
the Browning Model 78 single-shot rifle 
in .45-70, and the Ruger No. 3 single-shot 
carbine of the same caliber. 
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Canadian Blackpowder 


Goes 


By MAJ. DON HOLMES 

Preparing good .45-70 blackpowder 
target ammunition is a handloader’s 
dream because of the abundance of 
superb modern components available. 
No DCRA restriction exists on choice of 
blackpowder projectile. Any cast, 
swaged, jacketed or patched bullet may 
be used. Blackpowder must comprise the 
main propelling charge in all matches, 
but duplex loads (authentic to the late 
blackpowder periods—see Roberts: The 
Muzzle Loading Cap Lock Rifle, p. 101) 
may be used. 


Many Canadian long-range black* 
powder shooters believe that carefully 1 
cast, sharp-shouldered and generousm 
lubricated lead bullets are inherently cap¬ 
able of better sustained blackpowiefl 
accuracy than typically slope-shou|dcre4 
unlubncated jacketed bullets. 

Favorite long-range .45-70 cast bulkis 
are the Lyman #457406 hollow*point, 
gas-check design, and the Lyman 
#457483 hollow-point gas-eheck type! 
These bullets are similar to the highly] 
successful U.S. service 500-gr. rifle, and \ 
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405-gL carbine bullets, but with a hollow- 
point and gas-check added. 

Cast hollow-point bullets, although 
more demanding to produce, offer for 
many shooters sufficient advantage to 
justify the extra pains necessary for their 
I (production. Such bullets certainly cannot 
be cast with the speed of similar solid 
lidlels. The core pin must be tightly posi¬ 
tioned and absolutely concentric in the 
\ mold; a hotter casting temperature is nec- 
I tssar)' to ensure against air pockets 


adjacent to core pin; and more stringent 
bullet weighing and spinning are neces¬ 
sary to properly select the best hollow- 
point cast bullets. More bullets are 
rejected or reserved for practice than 
when solid bullets are being used. 

The advantages of hollow-pointing are 
threefold. Hollow-point bullets, espe¬ 
cially at relatively low velocity, as with 
blackpowder or at extended range, 
expand far more reliably for hunting than 
similar solid bullets. More important 


Two targets shot with the Roger No. 3 .45-70 rifle at 100 and 200 yds. using the Lyman 
#457483 hollow-point, gas-checked bullet with 24.0 grs. of Hercules #2400. 
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from the target shooter’s point of view is 
that hollow-point bullets have a longer 
bearing surface to guide and align the 
bullet in its travel down the bore than a 
solid bullet of the same weight. In addi¬ 
tion, the hollow-point bullet, being ligh¬ 
ter than a solid bullet of the same head 
shape and length of bearing, can be fired 
at higher velocity, and is therefore slightly 
more stable than a slower, heavier bullet 
of the same length. Also important for 
long strings in matches, besides improved 
accuracy and stability, increased velocity 
and flatter trajectory, is the fact that you 
get less recoil. 

There is sound reason for choosing a 
gas-check bullet. Most cast bullets, and 
all hollow-points, have the sprue on the 
bullet’s base. Dr. Franklin W. Mann, 
nearly 70 years ago, conclusively demon¬ 
strated in 77te Bullet's Flight that bullet 
base perfection is the single most critical 
ingredient of cast bullet accuracy. Use of 
a gas check trues and protects the bullet 
base, facilitates undamaged loading into 
the cartridge case, and provides an effec¬ 
tive hard, sharp, forward-facing and 
bore-filling scraping action with every 
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Typical DCRA single-shot btackpowder match rifles chambered for the 45'70 cartridge are: (top) Browning Model 78 with highcoanb 
stock, recoil pad and Parker-Hale left-hand sights, and Ruger No. 3 carbine with recoil pad and Parker-Hale sights. 


shot. The efficacy of copper gas-checks in 
reducing bore leading and blackpowder 
fouling is familiar to any shooter who 
inspects his bore or even a few recovered 
gas^check bullets. 

Bullet alloy hardness is held by many 
experienced shooters to be an important 
consideration when muzzle-loading 
Minie bullets are used. With muzzle- 
loaders, the hollow base must be soft 
enough to obturate reliably on ignition, 
but tough enough to resist deformation 
from escaping powder gases as it leaves 
the bore. The first problem, failure to 
expand suffLciently into the rifling and 
hence to acquire sufficient spin, is by far 
the most frequently encountered. 

Copious quantities of soft, almost 
moist bullet lubricant are most com¬ 
monly used in Canada, with Crisco con¬ 
tinuing to be a favorite, in order to keep 
the blackpowder fouling from caking and 
then not shooting out from shot to shot. 
Such moist, generously-lubricated 
ammunition is subject to rapid deteriora¬ 
tion of powder and primer in storage, 
especially during long, hot summer 
weather. As Col Townsend Whelen 
reported in Small Arms Design And Bai* 
listics Vol. II, only freshly loaded black- 


At top are (1,-r.) sectioned sol id-head 
B.E.LL .577 Snider case, semi-balloon 
head Berdan primed Kynoch case, 
balloon-head D.C. Co. case, and Lyman 
#585213 Minie bullet Below are sectioned 
,58 muzzle-loader blank correct for the 
.577 Snider, with sectioned Lyman Minie 
bullet in bore and .577 chambering reamer 
by Keith Francis, Talent, Oreg. 


powder ammunition should be used for 
serious target shooting. Discriminating 
Canadian shooters typically avoid hard 
beeswax-base lubricants, because of 
their inadequate blackpowder fouling 
moistening qualities, and generally 
“shoot down’' all remaining unexpended 
blackpowder ammunition at season's 
end. 

Carefully produced cast*bullet 
ammunition can produce very impressive 
accuracy. A light-barreled Ruger No. 3 
Carbine in ,45-70, won the DCRA 1975 
long-range blackpowder match. Sample 
groups from this 22^ carbine, shooting 
Lyman cast bullet #457483 HP, were 
measured: seven shots in 1" at 100 yds., 
and six shots in 2-1/Z"' at 200 yds. 

The .577 Snider is regularly capable of 


y five-shot groups at 100 yds. (Reported 
in The American Rifleman, Dec., 1973,p. 
38 and Aug., 1976, p. 78.) The actual 18^] 
British acceptance proof diagram of the 
then-new Snider rifle and ammumtiou,^ 
shows that even this venerable old con¬ 
verted muzzle-loader was capable of 
holding its shots in a mean deviation of 
12.84^ 110 years ago, at the impressive 
accuracy proof distance of 500 yds. 

Those who shoot blackpowder com* 
petilively often find it useful to develops 
mild smokeless load of equivalent trajec¬ 
tory to their blackpowder match load, for 
cleaning-free weekly practice. 

An excellent .45-70 blackpowder I 
duplex load consists of 8,0 grs. DuPoiit 
SR-4759 smokeless under a case-capadiyl 
charge, generally about 55-grs., of FFFj 
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I The faster burning triple F blackpowder 
I seems to burn more cleanly than single or 
I double F. Hand loaders understandably 
Ireiuctam to contaminate their powder 
I measure with blackpowder dust can eas- 
I ily make scoops for the above duplex load 
I by using an empty 9 mm Luger cartridge 
I Ease for SR-4759, and an empty *45 Colt 
I case for the FFFg, 

I A very popular equivalent load of 
I smokeless for virtually any weight of .45- 
170 bullet is 24.0 grs. of Hercules 2400* 
I Both the duplex and the smokeless load 
I live velocities, with most bullets in the 
I neighborhood of 1300 f.p.s*, and produce 
1 trajectories generally conforming to the 
I usual military .45-70 sight scales and gra- 
I duations* 

I Modern solid-head brass has less 
I powder capacity than original folded 
I bad brass, and although 1 am delighted 
I to report my own continuing occasional 
I yse of a few 8 5-year-old tinned Frankford 
I Arsenal cases, balloon-head .45-70 brass 
I should be avoided whenever possible. 
I Case head separations will be an ever- 
I present possibility otherwise, and a *45-70 
I separated case extractor (original issue 
I U.S* govt, extractors are still available 
■ from Numrich Arms Corp*) may very 
I wtll be required. 

I Both Winchester and Remington pro- 
I duce excellent modern .45-70 cases, with 
I many experienced marksmen preferring 
I the uncannellured Remington empty 
I unprimed brass, especially if deep-seated 
I lead bullets are used. 

[ The DCRA blackpowder matches are 
[ all fired prone, no rests or slings allowed, 
I iron sights only, except for the 300-m 
[long-range blackpowder match wherein 
[period or modern external-adjustable- 
only telescope sights are optionally per- 
miued. Abuses in the direction of too 
I modern equipment and unfair cost- 
escalation are discouraged, and the 
DCRA blackpowder rules contain 
abundant authority to prohibit any arti- 
I cle of equipment deemed to convey undue 
modern innovative or technological 
advantage upon the user. A modern, 
heavy-barrelled, bolt-action, Canjar- 
fqriggered .45-70 target rifle would not be 
allowed anywhere near the DCR A firing 
I point. Period rifles or replicas of arms 
I generally authentic to the blackpowder 
: period are encouraged. 

Each match consists of two sighters fol¬ 
lowed by seven shots for score* The sigh¬ 
ters are convertible, which means that 
after having fired these two but before the 
first round for score, competitors may 
elect to count both, or the second sighter 


DCRA blackpowder matches are all fired prone with no rests or slings allowed. 


only, for score, and forego the last one or 
two record shots* The targets used are the 
standard DCRA fullbore Target Rifle 
targets, with, for blackpowder only, the 
200-yd. target fired at lOO-yds., and 300- 
yds. (There is no such thing as a DCRA 
100-yd* target). Targets are separately 
mounted on a 4 x4 ft. frame, and the 
DCRA 20O-yd. target features a 4-1/2" 
bull inside a 16" circular black aiming 
mark. Near-possible scores are frequent 


occurrences, and tie-breaking rules or 
shoot-offs must regularly be resorted to. 

Many NRA Members participate in 
the DCRA blackpowder annual matches, 
to be held this year on Sunday, Aug. 7, at 
the newly metricated Connaught Ranges 
near Ottawa. Questions about the 
matches may be directed to the author, 
DCRA Director of Planning and Devel¬ 
opment, 29 Sandwell Crescent, Kanaia, 
Ontario, Canada K2K IV2. ■ 


Popular Lyman cast bullets used by DCRA shooters in the 45-70 cartridge are shown 
sectioned, as cast, and in loaded cartridge. They are: (two bullets and cartridge at left) 
#457406HP, and (at right) #457483HP. Both bullets are gas-check types. 
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Lead Alloys Age-Harden 

// has seemed to me that my cast bullets 
become harder on standing. Can this be 
correct? Please explain. 

Answer Your observation is correct. 
Lead alloys do harden considerably for a 
time after casting (spontaneous harden* 
ing is meant here, not that from heat 
treatment). This has had almost no men¬ 
tion in the cast bullet information and 
misinformation published to handload- 
ers for generations, [t is remarkable that 
something which can greatly affect bullet 
performance, and which is observable 
and measurable with simple means, has 
been overlooked so long. 

The practical considerations are extent 
of hardening, which is 50% or more, and 
the time during which it takes effect. 
These are brought out in the following 
Brinell hardness measurements made by 
the procedure already published in The 
American Ri/Ieman, on a bullet alloy at 
three-day intervals after casting (0 means 
the day of casting): 


Days 

Brinell 

0 

13 

3 

14.5 

6 

15.5 

9 

20 

12 

19 

15 

20 

18 

19.5 


Thus the alloy reached nearly its full 
hardness by the ninth day after casting, 
though it will continue to harden further, 
very slowly, for some time longer. 

This lakes place in softer alloys also. 
These measurements were made on 
another bullet alloy at four-day intervals 
after casting: 


Days 

Brinell 

4 

9.5 

8 

10 

12 

12.5 

16 

13 

20 

16 


The increase then nearly stopped. The 
metal thus reached almost full hardness 
by the 20th day. This may be a more usual 
time than the nine days of the other alloy. 

Some ^ge-hardening takes place in this 
way in all lead bullet metal of any useful 
degree of alloying. U occurs very little in 
pure lead. Some of the most expert 
individual makers of jacketed target 
bullets like to leave intervals of several 
days between steps of their bullet assem¬ 


bling operation. So far as known, there is 
no established connection between the 
shooting performance of these bullets 
and a measurable age hardening in their 
pure lead cores. Stress relief may be a 
better justification for the practice. 

The practical view is that the aged 
hardness is the normal one, the soft 
condition after casting being abnormal 
but temporary. With this information, 
the bandleader knows that for normal 
performance he simply must hold his cast 
bullets for at least two or three weeks 
before using them.—E.H.H. 

Sampling Lead For Hardness 

Directions for measuring the hardness 
of lead alloys (The American Rifleman, 
Decembert 1974, p. 63) prescribe indent¬ 
ing samples of the alloy and of pure lead 
by pressing them in a vise with a steel ball 
between- A photograph illustrates this 
with the metal samples in form of 1-lb. 
ingots, as cast in the ingot molds used by 
handloaders when melting up their supp¬ 
lies of metaL But I find that shrinkage of 
the solidifying ingot leaves only a small 
area on top which is smooth enough to 
take a sharp indent. A larger useable sur¬ 
face is needed. 

Answer: Your comment ts quite cor¬ 
rect. The sample of the metal to be tested 
will be indented only once or twice; but 
the pure lead standard can continue in use 
as long as any smooth surface remains on 
it, so that surface should be large. 

When this simplified Brinell hardness 
method was first published (77?^ Ameri¬ 
can Rifleman, Jan,, 1959, p, 43) it was 
illustrated with samples cast in a large 
pipe cap having the threads bored out and 
the inside bottom faced smoth, providing 
the desirable large surface. For many 
users however, it is not convenient to 
have such machine work done. 

Samples can be cast in aluminum muf¬ 
fin pans instead. These deliver the 
required thick cakes of metal with an 
excellent smooth bottom. (Afterward, do 
not use the pans for any food purpose, 
since they almost certainly will have 
taken up some lead, even though invisi- 
bly.) 

Casting the lead in a tinned-steel muf¬ 
fin pan, instead of aluminum, affords an 
interesting sidelight on jacketed bullet 
construction. 

The casting will be found soldered in 
and cannot be removed, not even by 
cutting and tearing the pan to pieces; they 
have to be melted out. 

This illustrates strikingly the effective¬ 
ness of the original Lorenz process of 
1884, in which the drawn bullet jacket 


was tinned inside and the lead coretkl 
assembled by pouring in melted lead, cr| 
by pressing it in cold and then want 
jacket and core together to solder t 
(“Bullets With Jackets: A Europenj 
Invention”, The American Riflmeii 
Nov., 1976, p. 36). This basic procedn 
has been adopted in recent years fot] 
manufacture of some sporting bullets ill 
this country. _g ^ g , 

Thumbnail Hardness Test 

Handloaders have long tested /Ivirl 
bullet metal with their thumbnail. Ifik] 
metal can be indented readily, it cemd 
is soft and according to some direct^ 
can he called pure lead. I have found\Ht\ 
to be mistaken, since / can thus 
bullet metal containing several pfroMl 
tin. For guidance, how hard a kaddof^ 
can be distinguished by this proced 
Then, how far is it actually useful? 

Answer: Your finding is quite con 

From curiosity, an attempt was i 
to measure the effectiveness of 1615**1651.’ | 
Of course, the result will depend to a cod-] 
siderable extent on strength of the usert] 
thumb and hardness of his thumboi 
But only moderate effort was found r 
essary to indent and scratch lead alloys up J 
to about Brinell hardness 11. This is moK 1 
than twice the hardness of pure lead 
Surprisingly, it was found also that ihc 
thumbnail test could not even serve! 
estimate reliably the relative hardness of | 
alloys within its marking range. 

Bullets which can be marked in ihii] 
way are much loo soft to shoot well in] 
most rifle cartridges. At the otbei 
extreme, in muzzle-loading bullets ik ] 
test does not identify pure lead, as noted ] 
above. Pure soft lead is required fot | 
correct functioning of Minie bulletjij 
especially the original design, when ud ] 
without an expanding plug in the base] 
cavity. While the U.S. standard Minie 
was designed to be so used, only a fult 
charge will expand it into the rifling, and 
then only when the bullets are pure lead j 
investigation has shown that Mine I 
bullets made of salvaged metal, and shot j 
with the reduced loads now employed in 
competition, do not expand into the 
rifling at all. The thumbnail thus is d 
little practical use to test the hardnes d 
bullets for either cartridge rifles or I 
muzzle-loaders. 

It does distinguish between hard and I 
soft scrap metal. Much or most loadingj 
for handguns is done with bullets of soft' 
and unknown composition. For this J 
inexact requirement, the thumbnail test j 
has some usefulness.—E.H.H. 
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Tin In Bullet Metal 

!have been shocked at the high price of 
\ifi when / buy it for making up my buifet 
mitiL Has it always been like this? IVh v is 
tin recommended as the alloying constit- 
mi^ 

Answer; It has not always been like 
[ lliisi. An old Ideal Handbook (apparently 
No. 4 dating from shortly after 1890) 
l^calculated reloading costs on the basis of 
linat S.36/ lb., lead S.05; lb., and primers 
51,20/1000. Tin thus cost at that time 
[. about seven times as much per pound as 
: bd. 

In May, 1977, the periodical Iron Age 
[jKported tin prices averaging S4.53/lb., 

, and primary or new lead S.31 / lb. Tin thus 
[ eosis nearly 15 times as much as new lead. 
Heavy soft lead scrap is quoted at 5.13- 
.15,'and tin costs more than 30 limes 
that. These are industry prices, which 
[\tiltimately control retail prices. Individu¬ 
als may at times find small amounts of 
Dtttal priced below retail, but most users 
' Jcatinoi count on it. Norcan they count on 
j scrap tin at a low price—as if metals 
,j dealers did not know the price of tin! So 
; in general a user of tin must pay. 
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I'Hardening effect of tin and antimony used 
separately. Brinell hardness numbers 
(BHN) express compressive strength in 
j kilograms per square mitlimeter. 


Besides his advantage from the rela¬ 
tively lower price of tin, the 1890 hand- 
loader used comparatively little of it. The 
I part tin to 16 parts lead composition of 
Ihe Army ,45-70 bullet was exceptional. 
Most bandleaders of that still black- 
powder era made their bullets 1-30, 1-40, 
or even 1-60 tin and lead. Under such 
I conditions, tin as the only alloying ele- 
^ment worked well. 

Then smokeless powder was found to 
require harder bullets. Adding a little 
more tin proved adequate in the only lim¬ 


ited amounts needed for smokeless loads 
in blackpowder calibers. But it was not 
adequate for the more severe require¬ 
ments of smokeless calibers. The harden¬ 
ing effect of tin is too small. A small 
amount gives some hardening; 4% tin 
gives lead alloy a hardness of nearly 
Brinell 10, which is about twice the 
hardness of pure soft lead (see illustra¬ 
tion, which was published in The Ameri¬ 
can Ripeman in January, 1958). But 
further additions have little effect. 

This is unfortunate, since tin's other 
properties are favorable—availability, 
ease of melting and alloying casting 
qualities, and tradition. But some antim¬ 
ony in the lead is necessary to meet 
anything more than quite modest require¬ 
ments, Providers of hand loading infor¬ 
mation were for many years unwilling to 
tell the user this, assuming they knew it. 
The result was decades of failures with 
cast rifle bullets. 

Tin is still useful in light loads, and in 
revolver loads which do not have to meet 
measured accuracy standards, which 
means most revolver loads. Antimony is 
difficult to melt with ordinary handload¬ 
ing equipment, but after alloying in any 
proportion it gives no trouble. Type 
metals containing desirable proportions 
of antimony and tin are still found in 
scrap yards, despite changed use of metal 
in modern printing. Antimony alloyed 
half-and-half with lead, for easy further 
use as desired, can be produced.—^E.H. H. 

Wear By Linotype Bullets? 

A Statement has been made that lino¬ 
type alloyf used to make some cast 
bullets, may by its hardness wear out rifle 
and handgun bores. Is this correct? 

Answer it is fantasy. 

The hardness of gilding metal, of which 
most present bullet jackets are made, 
varies according to its drawn and 
annealed state but is in the neighborhood 
of 100 Brinell, This is more than four 
times as hard as the 22 Brinell of straight 
linotype metal. 

It became evident years ago that bullet 
jackets do not of themselves wear out 
smokeless rifle barrels; this requires the 
high temperature and pressure of burning 
smokeless propellants. Still less could the 
far softer linotype metal do it. 

Jacketed bullets apparently do wear 
out the soft barrels of early breechloading 
rifles. Such rifles are now few and becom¬ 
ing fewer. In any case, most handloading 
for them probably is done with light 
charges and soft-alloy bullets to give the 
blackpowder ballistics for which these 
rifles were made.—E,H.H, 


Paper-Patch Lubricant 

It is difficult for me to obtam locally 
the Teflon spray lubricant for applying to 
paper patched bullets, before sizing with 
the standard Ahx bullet lubricant 
r Paper Patched Bullets Come Cf Age/' 
The American Rifleman^ March, 1977, 
pp. 28-32f Can something else be used? 

Answer; in this case the Teflon spray 
can be replaced with powdered mica. This 
is Motor Mica, available in hardware 
stores. 

Apply it by hand to the patched bullet, 
rubbing it on vigorously. Leaving it on 
the patch, size the bullet with Alox bullet 
lubricant in a .310'' or .3105"^ bench sizer 
d ie, or .309'' if required to enter the barrel 
forcing cone. This is exactly as explained 
in the March, 1977, article, substituting 
mica for Teflon. 

Wipe any excess of lubricant-off the 
patched bullet before sealing it in the 
cartridge case, or leave the excess on, 
depending on firing results.—E.H.H, 



Grooves at top of guide clear mold handle 
screws 


Gang Mold Guide 

T O ease bullet casting in gang molds 
when a bottom pour pot is used, I 
made a wooden guide to support the 
weight of the mold. The guide consists of 
a piece of 2"x4'' lumber and two shim 
blocks cut so that the top of the 
assembled guide holds the top of the mold 
!4" below the pouring spout. This clear¬ 
ance allows me to slide the mold under¬ 
neath the spout, yet I can easily pour 
molten alloy into the individual mold 
cavities. 

In making a guide, plane the top of the 
2^x4" smooth and also rout lengthwise 
clearance grooves for the handle screws 
of a Hensley & Gibbs four-cavity mold. 
My guide is made to sit level, but the 
shims could easily be cut to make the 
guide lower at one end than at the other. 

Using this guide reduces the physical 
effort involved in handling a heavy gang 
mold and makes casting a simpler, more 
enjoyable pastime. 

Gale Asch 
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Readers 
Comment 
On Cast 
Game Bullets! 


Recent experiences affirm 
the effectiveness 
of molded lead projectiles 


Editor*s note: Since E.H, Harrison's article "Cast Bullets For Game" (The 
American Riffeman, March, 1977,p. 29) appeared, many NRAMembers 
have written describing their experiences hunting deer with cast bullets. 
Space does not permit printing all such replies, but the comments given 
here summarize those of hunters who had opportunities to use such 
ammunition on more than a single hunt, thus observing its performance 
on several animals. 


Editor: 

In reading the March, 1977, issue of 
The American Rifleman I saw your 
article, “Cast Bullets For Game.“ I shoot 
a .30‘'06 with a 26" McGowen barrel, and 
my wife shoots a Model 70 Winchester, 
also a .30-'06, I find that the load 1 
worked out shoots well in both guns. I use 
mold #31129i HP w'ith #2 alloy, and the 
bullets come out 164-168 grs,, lubricated 
and gas checked. I have a lot of H870 so I 
worked up a load of 42 grs. powder with 
CCI standard primers. They grouped 
3/4" at 100 yds, 1 don't have a machine 
rest, just a pillow on a bench. 

I shot a two-point blacktail (two points 
each side) at about 80-90 yds. I wanted to 
see what would happen so 1 shot at the 
shoulder. It went in the left side through 
the shoulder blade, broke two ribs, took 
off the tip of the heart, went through the 
opposite shoulder and broke a piece of 
bone out of the leg about 3" long and 
Lodged just under the hide but did not 
break the skin. 

The entire hollow-point cavity blew 
away, and I found three pieces in the 


heart. It did not knock the deer down; he 
hopped on three legs about 30 yds. 
(toward me) and lay down. He was dead 
by the time I got to him. 

I shot an antelope in the spine and the 
cast bullet took out an entire vertebra. 
The recoil doesn't bother me, and with 
that load you can hardly feel the rifle go 
off. 

1 don^t think Vd take these rounds elk 
hunting, but they will kill deer and 
antelope. They are a lot cheaper to shoot, 
too. These loads should not be consid¬ 
ered flat-shooting rounds, nor for long 
ranges, but if you're not too far away, 
theyTe great, 

J. E. Dobson 
New Castle, Wyo. 


Editor: 

I noted with interest, the article “Cast 
Bullets For Game,,'' (The A meriean Rifle¬ 
man, March, 1977, p. 29-31), and I would 
like to relate my experience with cast 
bullets for whiletail deer. 

The first deer my wife killed was taken 


with a sporterized 7.65 mm Argenlii 
Mauser firing a 205 gr. gas-check cast 
bul let, of design #311299, cast from whed ^ 
weights, bar solder, and scrap lead la 
approximate #2 alloy. This bullet wasj 
propelled by 20,5 grs. of #2400 powder 
with an estimated velocity of 1800 fp.s. 

She shot her buck at about 45-yds, 
range, striking him through the frond 
shoulders. The buck traveled about 70 fl. 
before dropping. The 205-gr, bullet 
passed through both shoulders, breakmi. 
both, and creating a wound channel | 
which was very impressive. The diametcf^ 
of the exit wound was about 1 14" and ik 
blood trail was excellent. 

The second deer was a medium-sized) 
doe taken by my youngest son during doe 
season. The rifle was a caL .303 British 
Lee-Enfield No. 4. The bullet was a 155- 
gr. gas-check #311466* cast of the same 
alloy as above, propelled by 24.5 grs. of 
IMR 4227 powder with an estimated| 
velocity of 2000 f.p.s. My son shot his 
deer at about 30-yds. range. There was an 
easy-to-follow blood trail and the deer 
was found dead about 50 ft, from the 
point where it was hit. The bullet had 
penetrated in a forward direction starting 
at a point midway in the chest cavity^ 
passed through the heart and lungSs 
broke a rib on the offside and lodged on 
the inside of the opposite front leg. The 
bullet had expanded to approximately 
two diameters and shed about half it^ 
weight. The heart and lungs showed a 
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Successful cast game bullets have usually been of cal. .30 or larger, havinga long bearing 
surface, reasonably heavy for their diameter, with a flat or blunt ^int. 
bullet designs havingthese characteristics are (L.-r.): Lyman #311291, #31141, RGBS30 
180F. Lvman #3589 and Lee 457-450 bevel base. 


very favorable amount of destruction in 
view of the fact that no bone was struck 
on the entrance side. 

A third deer was harvested by my 
oldest son the following year. The rifle 
used was a Springfield J0-'06. The bullet 
was a 170-gr. gas-check flat-nose, cast 
from a Lee mold #309170F. This bullet 
was propelled by 20J grs. of Hercules 
2400 powder with an approximate veloc¬ 
ity of 1800 f p.s. My son was presented 
with a standing shot on a medium-sized 
buck at about llO-yds. range. He 
assumed a prone position to steady his 
aim, and struck the buck just behind the 
shoulder blade in the center of the chest 
cavity. The blood trail was excellent, and 
the buck was found about 40 yds. from 
where it was shot. The cast bullet passed 
through the near side, broke one rib, 
pulped the large vessels above and for* 
ward of the hean, collapsed the lungs,and 
broke a rib on the exit side. The exit 
wound was about I /2'' in diameter. 

I have concluded that if the range is 
moderate and the bullet is placed in the 
boiler works, cast bullets of cal. .30 
fiinction very well for whiteiail deer, even 
It moderate velocities. The wound chan¬ 
nels are almost equal to the wound 
channels of high velocity jacketed bullets, 
and the ability of a young shooter is 
enhanced by the light recoil and lessened 
muzzle blast of the moderate loads. 

Stanley B. Smith 
Easton, Pa. 



Editor: 

The remark was made in the March, 
1977, issue of The American Rifleman 
that there isn’t much information 
available on the performance of cast 
bullets for game shooting. 1 wish to shed 
some light on this subject. 

For several years 1 have hunted with a 
Savage Model 24V, having a .30*30 rifle 
barrel above a 20-ga. shotgun. My deer 
loads consist of the Lyman #31141 bullet, 
a flat-point, gas-check type weighing 
about 175-grs., and either 30.0 grs. of 
lMR-3031 or29.0grs.ofHodgdonH335. 
With either charge 1 can shoot 2^ to 3'' 
five-shot groups at 100 yds. with iron 
sights. For small game 1 shoot a 120-gr. 
Lee bullet with 3.5 grs. of Hercules 
Bullseye, which shoots to point of aim at 
25 yds., without changing my normal 
sight setting. 


(L-r.): .30^*06 small game load with 115- 
gr. cast bullet, .30-30 Win. cartridge with 
Lyman #311291 cast bullet, same bullet 
gas checked and lubricated, two #311291 
bullets recovered from deer, and factory 
30-30 soft-point bullet recovered from 
bear. 

iSf 


The #31141 bullet is cast of wheel- 
weight metal, or harder, and with these 
powder charges it develops velocity and 
energy equivalent to factory .30-30 loads. 
Fve killed five deer with this bullet over 
the years, two were large bucks. Only one 
animal took a second shot—an angling 
shot in which the bullet traveled down¬ 
ward between the shoulder blade and rib 
cage without penetrating. That deer ran 
about 200 yds. before I finished it off. 

Another buck was shot in the spine, 
killing it instantly. A doe was neck shot 
and ran !5 yds. before it collapsed and 
died. I have only recovered one of these 
bullets. It appeared to break up, shedding 
pieces at 4" intervals as it coursed through 
the deer. The base, which I recovered, was 
only about W long, and was still about 
cal. .30. 

Tve never shot .30-30 jacketed bullets 
at deer, but 1 think they would have 
achieved almost identical results with the 
cast bullets described above. Tve shot 
many deer with a .270 Win., and consid¬ 
er it a nearly perfect deer cartridge for the 
serious hunter. Of course, the .30-30 canT 
compare with it. 

However, 1 get more satisfaction from 
shooting deer with a single-shot rifle and 
a fussy cartridge which is complicated to 
load and limited in range. The Savage 
Model 24V is a handy little gun, and if I 
were really honest with myself, I could 
use it with these loads and dispose of the 
other 20-odd guns in my closet. 

William Behrends 
Worland, Wyo. 
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Zinc Bullet Pistol Loads 

„ Houston, Tex. 

Editor: 

The trend in handgun ammunition seems to 
be toward lighter bullets at higher velocities. 
One way to do this is to have special molds made 
for casting extra-light lead bullets. The result is a 
stubby bullet with poor ballistic shape and short 
bearing length. Even when cast of hard lead 
alloy and well lubricated they often lead the bore 
if loaded to high velocities. 

By using 7jnc die-casting alloy instead of lead, 
one can cast, in standard molds, bullets that 
weigh only 609c? of their lead alloy equivalents. 
They need no lubrication or gas checks. 

My first experiment was with the Lee 105 gr 
SWC mold which produced a 9 mm bullet 
weighing only 64 grs. Loaded with Unique 
powder, five rounds from my Astra 600made a I 
7/8" group from rest at 25 yds,—acceptable, I 
thought, for most purposes. 

After Ih is. 1 decided to try a round-nose bullet, 
since many 9 mm pistols don’t feed semi- 
wadcutiers as well as the Astra. The Lyman 
358242 121 gr. mold produced a zinc bullet 
weighing 74 grs. Unique powder seemed to be a 
little slow for such light bullets, so Bullseye was 
used with improved results. 

The next step was zinc loads for .45 ACP. 
Using two Lee molds—the 452-228-1 R and the 
452-190-SWC — I was able to cast bullets weigh¬ 
ing 140 and 115 grs. Bullseye proved to be the 
best powder for these also. Groups at 25 yds. 
were 5"lo6", nothing to write home about. Most 
of this is probably due to my rather loose Llama 
.45. 

Zinc bullets don’t expand—ever. But if you 
have done much gelatin block testing of hollow 
point lead .45 bullets, you know that they 
seldom open up cither. The energy of most .45 
loads is too low to provide reliable expansion. 
The higher velocity achievable with zinc bullets 
at close ranges should produce considerable 
wounding effect by cavitation. All the loads de¬ 
scribed in this article punched through .093" 
sheet steel. On the other hand, zinc bullets have 
very low .sectional density, and will not bold 
their velocity beyond short pistol ranges. Their 
extreme range is much less than that of lead 
bullets. 

There are tricks to casting zinc bullets, but 
they have all been described in past American 
Rifleman articles, and no hand loader should 
have much trouble with process. The cost of zinc 
bullets is less than that of type-metal bullets. 
Type-metal and zinc die-casting alloy both cost 
about S.50 a lb. and a lb. of zinc alloy makes 
almost twice as many bullets. leot^ Dav 


Smoking Bullet Molds 

// Has long been claimed that smoking 
the cavities of bullet molds helps in 
making good bullets. Is this still true? 
How does smoking the mold produce this 
result? 

Answer: U still is quite true. The 
procedure helps especially with long rifle 
bullets, which otherwise may be difficult 
to cast well every time. 

Experience of The American Rifleman 
staff has developed further information 
which considerably extends old 


directions on the subject. Those direc¬ 
tions prescribed smoking the mold cavity 
and brushing it out before use; if that was 
unsuccessful the mold was to be smoked 
again and used without brushing out. 
Recent experience here indicates better 
casting without any brushing out. Best of 
all is to smoke the mold several limes, 
sooting the cavity heavily. It seems the 
heavy,, irregular-appearing deposit would 
interfere with the mold filling, but it then 
fills most smoothly and reliably. 

Wooden or paper matches possibly 
may be better for smoking than a candle, 
which might leave a greasy soot. 

How this functions is another matter. 
It does appear that the soot slows the 
transfer of heat from the molten alloy, 
preventing a sudden and thus irregular 
freezing of the thin layer first touching the 
mold walls. But the important thing is 
that it works.—E.H.H. 

Bullet Patch Paper 

Is the Crane 100% rag paper described 
in The American Rifleman 
Patching Comes of Age/^ March, 1977, 
pp. 28-32) still the best for bullet patch¬ 
ing? Can it be made readily available? 
Perhaps also something could be learned 
from the paper used with the old-time 
patched bullets. 

Answer: The American Rifleman staff 
has found thatCrane paper is still the best 
for patching bullets in full-power smoke¬ 
less calibers. It has to meet the require¬ 
ments of such ammunition, which are 
quite unlike those of the blackpowder 
ammunition and barrels in which the old 
patched bullets were fired. 

The search did result in considerable 
new information, generously provided by 
Edward Lazarus of New York. We are 
indebted to him for this authoritative 
information. 

When the first description of this 
modern paper-patched bullet devel¬ 
opment appeared (The American 
Rifleman, March, 1972, pp. 18r22) Laza¬ 
rus through his extensive connection with 
the paper industry was kind enough to 
send me a number of paper samples for 
consideration as bullet patch paper. The 
Crane paper mentioned proved to be best 
among those tried. 

The thought of having the old patch 
paper again manufactured occurred to 
Lazarus, and it actually can be done. But 
under present conditions, Crane & Co. 
have set a mininum of 5000 lbs. of that pa¬ 
per for a production run, at $250 per 100 
lbs. This unfortunately would rule it out 
for any ordinary requirement. 



Crane discovered some of the old patch 
paper manufactured before 1870 in their 
mill. Lazarus sent me a sheet of this, 
together with a sheet of regular Crane's 
Bond also manufactured before 1870. It 
was an understandable pleasure to ex¬ 
amine items of such interest, still in 
perfect condition. 

In the way of practical help to hand- 
loaders, Lazarus has provided the folloi«f^ 
ing, 

**ln Crane's Bond the watermark 
always reads right with the grain direc^ 
lion and in wrapping a bullet thewaier- 
mark should go around the circumfcH] 
ence of the bullet. In other types of paper, 
the grain is indicated on the wrapper. 
However, generally the watermark reads 
right across the grain. —E.H.H. 

Bullet Casting Safely 

Spring City, Tern. 

Editor: 

Recently, while casting lead bullets, I had a 
dangerous experience that t would like to tell 
fellow NR A members about. After casting sev- 
oral bullets, the metal handles of my mtjld 
became loo hot to hold, so I stopped casting 
ran water over the handles to cool them off, I ^ 
then resumed casting. The first bullet cast in (be 
cooled mold brought very unexpected resuk 
At the instant the molten lead entered the mcHi 
hot lead flew everywhere. It was as if ati 
explosion had occured. 

Recovering from the initial shock, I foUQii 
lead splattered all over the casting area and small 
droplets on my clothing and skin. It was onlyby 
the grace of God that none hit my eyes. Studying ] 
the situation, I determined that when cooling off 
the handies I had allowed water to get iniothf 
mold cavities. This caused steam to form wbich 
blew the lead back out into the ladle, splatierimjI 
it all over the place. 


From this experience I learned the foil owing 
1. Use molds with heat-resistant handles so 
water cooling will not be needed. If a mold tiis 
meta llic ha ndles, e U her let them air cool or tnalie 
wooden sleeves to fit over them so that they may 
be comfortably handled during the casting cpCT' ' 
ation. 
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I wear^yeproieciion. Safety goggjes 

worn in chemistry labs are excellent for this 
jBjrpose as they are sturdy, well-ventilated, fit 
fliver prescription eye-glasses, and have a good 
Tisld of view, 

3. Always wear heavy-duty clothing and 
tjioes, 

Molten lead splatters easily and with poten- 
lially tragic effect. So take care. 

Frank M. Bailey 


Bullet Base Edges 

Fkase ielt me how / can cast bullets 
wiih clean, unfmned bases. / am follow^ 
ing the directions of the bullet mold 
mmfacturer. But fins persistently 
^pear around the bases. Lead also 
Ifolkcis under the cut-off plate, requiring 
(hai it be cleaned off 

Answer. These troubles are prevented 
by making the cut-off plate lie flat, by not 
allowing the mold to become too hot, and 
i by smoking the mold cavity heavily. 

U b useless to try to make the plate lie 
flat by tightening its hinge screw down, 

I whether the screw has a lock washer or 
not. With most molds, tightening the 
screw tilts the plate up slightly. You can 
see the wedge-shaped gap by holding 
raold and plate up to the light. Bullet 
metal runs into this gap, making a fin, 
and the tilted plate forms the bullet base 
fcorrespondingly out of square with the 
bullet body. 

Instead, loosen the screw until the plate 
I swings of its own weight when the mold is 
[timed on its side. The casting dipper then 
can press the plate down flat. Keep the 
dipper thus connected long enough to fill 
lithe mold completely. Then give the 
I remaining puddle of lead time to solidify, 

[ so as not to drag molten metal across the 
I mold lop which is what causes lead de- 
Lposits there. 

Keep the mold considerably cooler 
than the molten lead. Of course the melt 
j should be kept at the lowest temperature 
I which prod uces acceptable bullets. But 
fins can also result from lowering the pot 
[ temperature while allowing the mold to 
r become as hot as it will. In that condition 
the bullet bases will be undesirably sharp- 
edged at best. This is prevented by press¬ 
ing the cut-off plate against a wet sponge 
for each bullet or so, as found necessary, 
and by smoking the mold cavity as 
! heavily as practicable. The mold then fills 
as well or better, while bullet bases will be 
tsmooih and with edges very slightly and 
|cvenly rounded, the desirable condition. 

Cooling the cut-off plate in this way 
^requires a compensating slight increase in 
the pot temperature, but not enough to 
bring on undesirable drossing,—E,H.H, 


Micro-Groove Leading 

f own a Marlin Model 1894 .44 Mag¬ 
num rifle which shoots very accurately 
with jacketed bullets, but it doesn't shoot 
well with cast bullets, unless / use very 
light loads. I would like to use cast bullets 
in a large caliber rifle for deer hunting, 
but full-power cast bullet loads lead the 
Micro-Groove rifling heavily. Would the 
Marlin Model 1895 rifle in .45-70 give 
better results for hunting with cast 
bullets? 

Answer Your experience with cast 
bullet loads in your Marlin .44 Magnum 
carbine is not unusual. The Micro- 
Groove rifling, although capable of very 
good accuracy with jacketed bullets, does 
not give good performance with cast 
bullets except with light loads, not over 
about 1000 f p.s. I believe you should be 
able to develop satisfactory cast bullet 
loads for the .45-70 Model 1895. The 
sample Model 1895 rifle evaluated by the 
NR A (see The American Rifleman, Oct,, 
1972, p, 40) had 8-groove conventional 
rifling. Marlin Model 1895 rifles of cur¬ 
rent production are advertised as having 
12-groove modified Micro-Groove rifling 
which gives good performance with both 
cast and jacketed bullets. The sample 
Model 1895 rifle evaluated by the NRA 
produced average five-shot groups at 100 
yds. from a sandbag rest of less than 3", 
using standard factory loads with the 405- 
gr. soft-point bullet. This is excellent 
accuracy for a large-caliber sporting rifle 
shooting factory cartridges. 

^W,C.D„ Jr. 


Watch Ladle Moisture 

Concord, Calif. 

Editor 

Even though 1 have been reloading 
both jacketed and cast rifle and pistol 
bullets since 1949 without incident, I 
recently experienced a serious molten 
lead explosion. An estimated 4-6 oz. of 
lead was blown over two-thirds of my 5- 
ft. long loading bench and some equip¬ 
ment. The explosion was not a case of 
“familiarity breeds contempt" but rather 
of an ‘‘unknown" being introduced. 

1 have always exercised extreme care 
with molten metal to preclude the possi¬ 
bility of a live primer being introduced. 
Equal caution has been exercised to 
prevent the possibility of water from any 
source, including perspiration or a 
sneeze, entering the pot. 

Although 1 lacked previous experi¬ 
ence or observation of lead pot explo¬ 
sions, I felt the cause of this eruption was 


moisture. But the source was a mystery, 
until the actual preparation of this partic¬ 
ular "melt" was mentally reconstructed. 

It was clear the explosion occurred 
immediately upon insertion of the ladle 
into the molten metal. Fortunately, the 
open side of the inverted ladle and pour 
spout were facing away from me. The 
ladle deflected the eruption onto the 
bench and equipment rather than against 
my body. Even though 1 always wear 
heavy clothing, heavy leather gloves, 
ankle-height shoes and glasses when 
casting, the volume and violence of the 
lead ejected would have caused serious 
bums over at least the front upper half of 
my body, had it sprayed toward me. It 
could possibly have ended a lifetime 
hobby. 

Now for the culprit; it was about 30° F. 
in my garage loading area. The ladle was 
also at that temperature. For the first 
time in my many casting sessions, I had 
failed to lay the ladle on top of the lead 
during heating. Upon realizing this, when 
I was ready to start casting, I merely 
passed the ladle very briefly over a 
propane torch flame and the cold cast- 
iron ladle became wet with condensation. 

To check this supposition I later cooled 
the ladle to the same temperature and 
repeated my careless preheating. Sure 
enough, results confirmed the reasoning; 
the ladle was wet with condensatation, 
particularly within the dip cavity. 

Carl H, Oeder 



Casting dipper must be preheated before 
use to evaporate condensed moisture 
which reacts violently with molten lead. 
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Paper Patched Bullets 
Work in .300Magnum 

Test results prove cast bullets 

can approach 3000 f.p.s. with fine accuracy. 

By E. H. HARRISON 



A fter the use of paper-patched cast 
bullets in .308 Win. and J0-'06full 
power loads had been developed ("Paper 
Patched Bullets Come of Age ” by this 
author. The American Rifleman^ March, 
1977, pp. 28*32), it appeared there was 
nothing to prevent their similar employ¬ 
ment in magnum rifles. This was tried, 
and when experimentation had estab¬ 
lished details of the load, it was con¬ 
firmed. 

The .300 Win. Mag, was convenient 
because a new rifle of that caliber had just 
been tested ("Steyr-Mann lie her Mod. S,” 
The American Rifleman, April, 1977, pp. 
42-43). As there reported, the rifle deliv¬ 
ered the following average group sizes for 
five consecutive five-shot groups with 
each of the following factory ammuni¬ 
tions: 


.300 Win. 

Mag. 

Cartridge 

VeL at 

15 ft. 
(average) 

100-yd. 

group 

(average) 

150-gr. W'W 
Power Point 

3245 f.p.s. 

1.85" 

180-gr, Peters 
Core Lokt 

3018 f.p.s. 

1.22" 

180-gr. W-W 
Power Point 

2979 f.p.s. 

2,55" 

220-gr, W-W 
Silvertip 

2602 f.p.s. 

1.82" 


Group average overall 1.86" 


It remained therefore to make up 
corresponding paper-patched bullet 
loads and test them in the same rifle for 
comparison. 

The 1976 Winchester-Western loading 
information for the .300 Win. Mag. pres¬ 


cribes 76.0 grs. of W-W 785 Ball powder 
for the l50-gr. Power Point and Silvertip 
bullets, giving them 3150 f.p.s. muzzle 
velocity at 51,000 c.u.p. For the l68-gr. 
hollow-point bullet, 72.0 grs. of the same 
powder gives 2960 f.p.s, at the same pres¬ 
sure. One of the two NR A-developed pa¬ 
per-patched bullets, Lyman No. 301618, 
weighs 160 grs. when cast of suitable 
hardness for such loads. 



160‘gr. No. 301618 paper-patched cast 
bullet. 

Conditions at the time of this test pre¬ 
vented establishing a charge for it to 
laboratory-measured velocity and pres¬ 
sure, as normally would be done. Howev¬ 
er, from the above information one might 
expect 74.0 grs. of this powder to give the 
160“gr. patched bullet about 3055 f.p.s, 
muzzle velocity, at a pressure somewhat 
lower than with jacketed bullets, in 
accord with past experience. The 74.0-gr, 


load proved to give this bullet 3025 f.pi 
in the Steyr rifle, measured at 15 ft., cor* 
responding to about 3040 fp.s. at 
muzzle—almost exactly as expected. The 
74.0-gr. load therefore was taken as stan* 
dard. Slightly reduced loads of 70.0 and 
72.0 grs. also were tried as refinements.. 

Besides obviously large poivder capac¬ 
ity, some magnum rifle cartridges have 
special features which affect paper- 
patched bullet use. 

One is the short case neck. This tends to j 
weaken the heavy bullet pull which has) 
been found desirable with paper-patch^ ! 
bullets. Therefore, these .300 Win, Mag 
cases were left with their case necks unet^ 
panded after sizing, to provide the tight' 
est possible assembly. The case mouElB 
were belled with a ,314'^ pltJg deeply I 
enough for the bullets to seat very I 
smoothly. This was entirely successfiiL^ 
Extracting and examining seated baUets j 
showed them to be undamaged. ] 

A second peculiarity, happily benefr i 
cial in this case, is the forcing cone oftk J 
.300 Win. Mag. chamber. The fundawj 
tal article of March, 1977, on papet* J 
patched bullets points out that presenl I 
standard .308 Win. and .30-'C!6 fordi^ | 
cones, whether of stepped or simple coi I 
cal form, are of about .3 lO"" diameteflflj 
rear, and in custom barrels often as smi I 
as .309". This requires sizing the patched i 
bullet that small or smaller, which® I 
rather inconvenient. In contrast, I 
imum diameter of the .300 Win J 
forcing cone is .3150" at that point ll J 
could take patched bullets unsiiei I 
However, accurate shooting re quires sii- I 
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jng over Alox bullet lubricant after the 
applied patch has been sprayed with 
lefton. as detailed in the March, 1977, 
article. Sizing in a .3105^ Saeco die 
worked well. 

The first load to be made up spread 
more than 6’* in a lO-shoi group at 100 
yds. Clearly something was very wrong, 
and it was found to be inadequate fit of 
the seated bullet in the barrel forcing 
cone. Since the rifle was not then at hand, 
the bullets had been patched and seated in 
cases deeply enough to insure chamber¬ 
ing, which left them with jump before 
reaching the rifling. Paper-patched 
bullets cannot tolerate that. The best fit 
was obtained by seating the bullet so as to 
place its bare ogive against the barrel 
rifling, and patching the bullet over its 
first groove, thus simultaneously filling 
Ihe patch into the forcing cone. Similar 
fitting also was successful with the J08 
Win. and JO-'06. The need for this fit 
does constitute a distinct limiting factor 
in paper-patched bullet loading. 

Lubricating the bullet involved the 
only basic change found necessary from 
the loading procedure which had been 
established in ,308 and J0-'06. In that 
procedure, after the applied patch was 
sprayed with Teflon and the patched 
bullet then sized over Alox bullet lubri¬ 
cant, all surplus lubricant was wiped off 
the bullet. But thus wiping off the lubri¬ 
cant in these .3(X) Win. Mag. loads 
opened the 100-yd. groups to nearly 5" 
with the 70.0-gr* powder charge. Groups 
of 5"' and then wild shooting occurred 
with the 74,0-gn full load. Leaving the 
lubricant on the bullet as it comes from 
the sizer, including the band of lubricant 
deposited over the recessed gas-check 
shank, corrected this. It was also useful to 
make the Teflon spray as heavy as practi¬ 
cable* Evidently the severe conditions in 
the magnum make more lubrication nec* 
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Mag. chamber. Note ,3150'' diameter at 
forcing cone. 



160-gr, paper-patched bullet (1.) and 180- 
gr. factory 300 Win. Magnum load. Case 
necks are cut away to show bullet bases. 


essary. Probably for the same reason, the 
bullets had to be of harder alloy than for 
the .308 and .30-'06* 

Testing was done in the Steyr rifle 
referred to above, and by the same firer 
who tested the rifle originally—R.N* 
Sears of the American Rifleman staff. 
Thirteen loads, differing in details which 
have been mentioned, were tested 
between February 19 and July 7, 1977. 
All were loaded by this author. The last 
three embodied the final results, as fol¬ 
lows: 

Five consecutive fivc-shoi groups at 
100 yds., with 70.0-gr. W-W 785 Ball 
powder and bullets of 19 Brinell 
hardness, measured LSO"", 1.19'', 2.20^ 
1.27", and 1*21". These had to be shot in 
a cross wind gusting to 25 m.p.h,, 
unavoidably opening some of the groups 
laterally* But still they averaged L47", 
materially smaller than the 1.86" average 
of the factory ammunition, so this was 
considered very good. However, 70.0 
grs. is slightly reduced from the 74.0 gr, 
full-power load. 

Five groups with the full 74.0 grs., with 
bullets from the same lot, measured 2.63", 
2.43", 3.69", 1.17", and 3.09", averaging 
2.60"^onsiderably larger than the fac¬ 
tory ammunition* Four groups of the five 
contained one bad flier each (these were 
included in the group sizes given here), 


lending an appearance of inadequately 
strong bullet metal. 

Accordingly the full-load lest was 
repeated with bullets cast of new linotype 
metal, h turned out to be of only 19!4 Bri¬ 
nell hardness, thus very little harder than 
the 19 Brinell of the preceding test. The 
first group was centered at the target 
edge, three shots forming a .51" group but 
losing two off the paper* After sight 
adjustments, the remaining four groups 
measured 1*84", 1.60", 2.21", and 3* 14", to 
average 2.20". (A single flier in the last 
group increased this four-group average 
from 1.75" without the flier.) Thus the 
very slightly harder bullet alloy was not 
quite enough for correction. 

The development was ended at that 
point* Regrettably, it was impracticable 
to lest the 200-gr. No. 301620 bullet, 
which has always shot better than the 
160-gr. 

It is of some interest to consider 
whether these results indicate that the pa¬ 
per-patched bullets have here reached 
their practical limit in power. Possibly 
they have. One of the intermediate tests 
was with 76.0 grs. of W-W 785 powder 
and the 160-gr. patched bullet. This was 
an obvious overload, giving hard extrac¬ 
tion and slight longitudinal stretch marks 
on cases, and it is not recommended. But 
five consecutive five-shot groups with it 
averaged 2.94", only moderately larger 
than groups from the 74.0-gr. full-load. 
With jacketed bullets also it is no new 
thing for overloads to deliver poor group¬ 
ing, nor for somewhat reduced charges to 
yield smaller groups* 

The results of paper-patched bullets at 
3000 f.p.s., remarkable as they are, 
obviously could be refined with experi¬ 
ence* It seems that in the *300 Win, Mag* 
the pressure limit of the cartridge limits 
the attainable power with paper-patched 
bullets, as it does with jacketed bullets* 

What are we to think of these results? 
Perhaps magnum rifle enthusiasts are an 
unlikely group to take up loading of this 
kind, though, of course, it is available to 
everyone. Nor were these magnum pa¬ 
per-patched bullet loads developed with 
game shooting in mind; their action on 
game is not even known, though almost 
certainly it would be violent. They do 
make it clear that the full-power loads 
with paper-patched bullets in .308 Win. 
and .3(F'06 are well under the inherent 
power capability of these bullets. 
Improvement in their accuracy at the 
3000 f p.s. level could doubtless be made 
with further experimentation in other 
cartridges and rifles. ■ 
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Lyman No. 2 Alloy 

In reading articles on cast bullets, I 
find frequent references to Lyman No. 
2 bullet alloy. What is this alloy's com* 
position and its approximate Brinell 
Hardness Number? Handbooks vary 
as to its compositionf some calling it 
90% lead, 5% tin^ 5% antimony; while 
Lyman's current Cast Bullet Hand¬ 
book lists it as 10 parts lead to one part 
tin to one part antimony. Which is 
correct? 

Answer; The discrepancies you 
noted in describing Lyman No. 2 
alloy apparently result from differ¬ 
ent descriptions of No. 2 alloy in dif¬ 
ferent Lyman Handbooks. 

The Lyman/Ideal Handbook 
Number 38^ published in 1951, and 
all earlier editions I have seen, de¬ 
scribe No. 2 alloy as being 90-5-5 
(lead-antimony-tin), as do the 44th 
Edition (1967) and the current 45th 
Edition (1970). Lyman/Ideal No. 2 
alloy always has been so described in 
The American Rifleman. 

However, the Lymanlldeal Hand¬ 
book No. 40 (1955), their Handbook of 
Cast Bullets (195S), and their current 
Cast Bullet Handbook (1973) describe 
the composition of their No. 2 alloy 
as 10-1-1 (lead-antimony-tin). 

The two compositions are not 
equivalent, A 90-5-5 alloy is 90% 
lead, 5% antimony and 5% tin. A 
10-1-1 alloy is 83.33% lead, 8.33% an¬ 
timony and 8.33% tin. 

The 90-5-5 alloy is only moderately 
hard, producing a BHN of about 15. 
The 10-i-l alloy, how'ever, has a 
BHN of about 22, practically the 
same as linotype metal, which would 
be preferable to 90-5-5 alloy when 
used for high-velocity cast bullet 
loads,—W.C.D., Jr. 


Sizing Lubricant Pressure 

/ am annoyed by grease deposits on the 
bases of my cast bullets. ! use a Lyman 
450 lubricator-sizer and NRA formula 
Aioxf beeswax lube. Usually I must wipe 
the bullet bases clean before loading 
them. Is anything wrong with my equip¬ 
ment or technique? 

Answer I suspect your problem is 
caused by putting too much pressure on 
the lubricant reservoir. 

Before pushing a bullet into the sidng 
die, turn the lubricant pressure up just 
enough'lo feel resistance on the ratchet 
handle, if using a Lyman 450 or RCBS 
lubricator. Place a bullet into the die and 
force it down. Hold pressure on it with 
the ram for an instant at the bottom of the 
stroke. While holding the bullet down, 
turn the ratchet slightly to increase pres¬ 
sure on the lubricant reservoir, then 


quickly raise the ram, pushing the bullet 
out before grease can flow under the 
bullet base. 

Grease pressure required will depend 
on the si^e and number of lube grooves. 
Bullets using large quantities of grease 
may require a quarter turn or more on the 
ratchet with every bullet. The same pres¬ 
sure may be enough to grease three or 
four bullets of smaller caliber, or when 
filling only one or a few grease grooves. 

Clean bases are obtained most easily 
when minimum lubricant pressure is 
used, but this may require that the bullet 
be pushed into the die twice to evenly fill 
the grease grooves. With good quality 
lubricant, however, il isnT always neces¬ 
sary to completely fill the grooves for best 
results. In mid-range target loads for 
cartridges like the .38 Special or .45 ACP, 
accuracy is sometimes improved by 
incompletely filling or filling only the 
bottom grease groove of bullets such as 



the H&G No. 50, Lyman 358495, Lyman 
452460 or Saeco 290451 when using 
Alox/beeswax lubricant. 

Using either of the above techniques, 
bullet bases should be almost completely 
clean and not require wiping. If you 
continue to get grease on the bullet bases, 
clean the inside of the base punch of all 
grease and foreign matter, so as to gel a 
good fit against the base of the bullet. As 
grease pressure diminishes with succeed¬ 
ing bullets, some grease grooves will 
come out unfilled. As that occurs, again 
push the bullet into the die and gradually 
increase the pressure until you feel the 
slightest resistance. Withdraw and ex¬ 
amine the bullet, then carry on as neces- 
sary^—E.L. 


no 


More on Cast Bullets 


Burnt Lake, B. C. 

Editor: 

I read with great interest the two 
articles regarding cast bullets on 
game {The American Riflemant 
March, 1977, p. 29, and Sept., 1977,Jj| 
p. 52), but they left out an importani|l 
reason that justifies this practice, IJ 
have used cast bullets in my rifles for.ll 
years, to permit more shooting focjl 
my money, and I use them fori 
shooting camp meat such as grouse j| 
or marmots. 


Pointed cast bullets may not be as 
accurate at low velocities as blunt i 
ones, but they destroy less meat on 
small game. For best results, I keep 
velocity down to about 1400 f.ps.for [ 
small game loads in my cal. J0nflesJ| 
Heavier loads used on grouse result t 
in an explosion of feathers, with iK>-| 
thing left to eat. j 

Cast gas-checked cal. .30 bulletsof i| 
conventional form (not paper-' 
patched) driven at their maxiinuij| 
practical velocity (about 2000'220() 
rp.s) give power equal to .30-30 fac* 
tory loads, which is adequate for 
deer and some larger game, if the v j 
bullet is placed right. 

Hollow-pointed cast bullets made 
of hard alloy do not expand, but the 
front portion weakened by the hd* 
low-pointing stem shatters. I disco* 
vered this after using the Lyman 
#311284 ho How-pointed bullet and 
30 grs. of iMR-3031 powder in my 
.303 SMLE rifle with 22" barrel. The 
bullet was placed well and killed the 
deer, but it blew up on striking^ leav* 
ing only the base intact. The 
#311407 180-gr. solid, flat-point bul* 
let cast only moderately hard, driven. * 
about 2100 f.p.s. performs well on 
most Canadian game up to moose if j 
the range is short, not over 100 yds, / 
Most old time bush rovers admit! 
power in excess of the .30-30 is not 
needed, and I agree. Of course, the 
bullet must be placed correctly, bul 
that goes for any rifle. 

The big advantage of cast bullets 
in rifles is that it lets you get practice? 
in the field, on small game, shooting 
offhand, under actual hunting condi¬ 
tions. That beats shooting from a 
bench-rest at paper every time. By 
using cast bullets and light loads on 
small game you become a better 
woodsman and hunter when the big 
game season opens. When guiding I 
have known hunters who would at* 
tempt shots at ridiculous ranges, out 
where their rifle doesn't' strike the 
killing blow it does up close. That's 
asking too much of fate. Instead, 
learn to approach to reasonable 
range. i 

Thomas Ridlei i 
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Grooves In Patched Bullets 

Has some consideration been given, 
in The American Rifleman dei^elop- 
mm of paper patched bullets, to shape 
of the bullet grooves? Perhaps sloping 
the hack of each groove might help to 
hold the patch in place without dam- 
age. 



Answer: Grooves of that form were 
used early in this development. Their 
performance generally was good, al¬ 
though there were a few unexpected 
failures. 

As reported in the original an- 
uouncemenl of this paper patched 
bullet development (“Paper Patched 
Bullets Come Of Age,*' March, 1972, p. 
18-28) the first trial bullets were ob¬ 
tained by lathe-turning conventional 
cast rifle bullets to the desired diame¬ 
ter, eventually .301", for patching. 
These were successful. Then a bullet 
mold of that diameter was obtained 
to order from Lyman. Its bullets, 
which were ungrooved and smooth 
like those of blackpowder patched 
bullets of the past, did not perform 
well in 30-'06 and .308 rifles* It be¬ 
came clear that the success with 
tumed-down conventional cast bul¬ 
lets was due to remains of the lubric¬ 
ant grooves left on them after turning. 
When small grooves were turned on 
the smooth bullets, they then gener¬ 
ally shot well. From just the 
consideration you mention, these 
grooves were cut with back faces 
sloped at 30“ to the bullet length. The 
point, however, did not appear deci¬ 
sive, and when a new design was 
made and molds obtained, it was 
with grooving of simple form (illus¬ 
tration p. 28 of March, 1977, article). 
These bullets have been highly suc¬ 
cessful . 

At one time it did seem that sloping 
grooves might be very useful, when 
rings of hard paper were found to be 
cut off patches occasionally in firing, 
producing off shots. This did not al¬ 
ways happen, but it continued de¬ 
spite machining the rear face of exist¬ 
ing grooves to a 30“ slope, and trying a 
variety of extreme lubricants. It was 


caused by the barrel forcing cone, 
about .310" diameter at its rear edge 
in most .308 and .30-^06 barrels. This 
hardly can admit undamaged the 
paper patches of ,313" outside diame¬ 
ter as applied and shrunk on .301" 
bullets, or even larger on larger bul¬ 
lets. This was the necessary though 
not the only reason for sizing the 
patched bullets, which then was 
adopted as standard procedure. The 
other reason was that best grouping 
required spraying the applied patch 
with Teflon, then sizing the patched 
bullet with Alox lubricant. 

But a sloped groove really might be 
a desirable refinement, and it should 
be tried. It has happened repeatedly 
in The American Rifleman's cast bullet 
developments that experimental fea¬ 
tures have not worked out as ex¬ 
pected. So a changed groove should 
not be announced until after a 
genuinely thorough test.—E.H.H. 


Reamed Case Mouths 

Belling case mouths to avoid 
damaging cast bullets adds an opera¬ 
tion to the loading procedure and re¬ 
duces case life. Is there a way around 
these disadvantages? 

Answer: One alternative is to ream 
the case mouths so bullets may be 
started by hand. 

This may be done with inside neck 
reamers such as the Forster or Wil¬ 
son. The reamer is first used on fired 
cases as they come from the chamber 
to insure clearance between the bul¬ 
let and the neck. The case is then 
sized and the reamer run into the 
case mouth for a distance of about 
one-fourth of the bullet's diameter. 
This second use of the reamer allows 
the bullet to be started in the case by 
hand. It is then seated to the desired 
depth in a die. 

The neck reaming operation needs 
to be done only once. After that, fired 


Reaming sized .45-70 case mouth to .460" 
diameter to a depth of about. 11"" allows hand 
starting of ,459" diameter cast bullet. 


cases require outside sizing only* 
Eliminating belling of the mouth and 
expanding the neck over a plug both 
increase case life. 

Reamers may be special ordered 
for any diameter. Standard ones 
generally work very well, however. A 
reamer intended to provide clear¬ 
ance for .308" jacketed bullets usu¬ 
ally allows hand starting of cast bul¬ 
lets sized to .310".—R.N.S. 


Age-Hardening Of Alloys 

The cast bullet information in 
"Lead Alloys Age-Harden " (The 
American Rifleman, August^ 1977, p. 
66) is certainly revealing. In that con¬ 
nection, an experimenter (the only one 
who has done anything on this that I 
know of, except for the above report) 
states that alloys containing only tin 
and lead do not age-hardcn, and some 
even soften in time. Is this correct? 

Answer; It is correct. The August, 
1977, report you refer to should have 
added that age-hardening of bullets 
depends on the antimony content. 
Without that, the hardening does not 
take place. 

Unlike the extensive technical lit¬ 
erature on lead-tin antimony alloys 
there is very little (except as to sol¬ 
ders) on alloys of only tin and lead. 
One investigation, however, estab¬ 
lished that such an alloy containing 
5% tin showed no measurable hard¬ 
ness change during observation for 
four months, while the hardness of a 
similar alloy with 10% tin actually 
decreased slowly through most of 
that time. 

This brings out a further disadvan¬ 
tage of the costly, ineffective 1-10 
tin-lead alloy that was recommended 
to handloaders for so long. On the 
other hand, users of the more 
reasonable low-tin mixtures are sel¬ 
dom concerned about exact hard¬ 
ness. They can assume that their 
bullets will remain practically un¬ 
changed after casting,—E.H.H. 

Paper Patched Bullets 

A remark in the article "Paper 
Patched Bullets Work In 300 Mag¬ 
num" (American Rifleman, Dec., 
1977, p 44A5) points out that both 
patch and bulkt ogive should fit into 
the barrel rifling before discharge. 
Please give the loading procedure to 
obtain these fits. 

Answer: A good fit at both points is 
necessary for best shooting with 
these paper patched bullets. To ob¬ 
tain it: 

a* Forward ftt. Drop an unpatched 
bullet into the chamber, and with a 
dowel or short rod press it very 

in 















Cartridge dimensions to secure engraving 
by the rifling (a) and to place patch into forc¬ 
ing cone (b), before discharge, as 
explained in text Note rifling engraving 
ahead of patch. 


firmly into the barrel. Holding it 
there, pass a rod from the muzzle to 
the bullet nose, and carefully mark 
the rod at muzzle. This indicates the 
desired position of the bullet in the 
loaded cartridge. 

The bullet should then show rifling 
engraving well back along its for¬ 
ward parallel, or at the very least on 
the ogive. If molds for bullets of 
slightly different diameters are av¬ 
ailable, or different diameters can be 
produced by sizing (Lyman has a 
.301" bullet sizing die), try these for 
the one that is best engraved. That is 
the one to use. 

If worn rifling will not thus en¬ 
grave the bullet, it will still provide 
some guidance, and the patch fit (see 
just below) is still effective, 
b. Patch fit. To place the patch 
against the rifling, prepare several of 
the chosen bullets with the patch 
variously placed. On the standard 
bullets (Lyman Nos. 301618 and 
301620), the patch may allowably 
cover three, four, or all five of the 
bullet bands, and its front edge may 
fall on or between bands, as required 
by the barrel. 

As already explained {'Taper 
Patched Bullets Come of Age," 
American Rifleman, March, 1977, p. 
28-32), most .308 and 30-'06 barrels 


have forcing cones of about .310'' 
diameter, with some as small as 
309". The patched bullet therefore 
must be reduced to let it enter such 
forcing cones without injury . After 
sizing and lubricating the patched 
bullets in a 308''die (see explanation 
below), try the experimentally 
patched bullets by pushing them into 
the barrel as done in a. The correctly 
patched and sized bullet will go all 
the way to the position found in a, 
while requiring some additional 
force to bottom the patch in the forc¬ 
ing cone. 

Thereafter, regularly patch and as¬ 
semble bullets to provide this close 
fit at both points as described. 
Dummy cartridges made up in this 
way help to preserve the dimensions 
found. 

Sizing the patched bullet. The 
March, 1977, article prescribed re-- 
ducing the patched bullets in a .310" 
sizer-lubricator die for barrels hav¬ 
ing .310" forcing cones, and a .309" 
die for .309" cones. Continuing expe¬ 
rience has shown that these reduc¬ 
tions often fail to prevent some cut¬ 
ting of the patch on the cone edge. 
The best practice found so far (late 
1977) is to put the bullets through a 
.308" sizer-lubricator die for .308 and 
.30-'06 barrels, to assure the patch 
entering the forcing cone without in¬ 
terference, That is done without 
trouble in a well-made die with 
Alox/beeswax bullet lubricant, after 
sprayi'ng the patch as prescribed 
with’Teflon. This .308" die require¬ 
ment specifically modifies the .310"- 
.309" die direction given in the 
March, 1977 article.—E.H.H. 


Calcium In Lead Alloys 

Bullet casters occasionaUy salvage 
lead from discarded automobile bat¬ 
teries. I understand that the new 
maintenance-free batteries contain 
calcium alloy^ with the lead. Is any¬ 
thing known about the effect of cal¬ 
cium on bullet alloy? 

Answer: The trend in making au¬ 
tomobile batteries is to make thinner 
plates, reducing the weight and in¬ 
creasing the energy density of the 
cell. Since discarded batteries are 
likely to be heavily oxidized, only a 
small amount of lead can be sal¬ 
vaged. Because of the small yield, 
risk of chemical burns from sul¬ 
phuric acid, and the labor involved, 
salvaging battery plates isn't very 
practical. 

The addition of calcium to battery 
plates is another reason not to at¬ 
tempt salvaging the lead from them. 
While calcium alone strengthens 
lead, it is unsuitable for cast bullets, 
and its addition to bullet alloys actu¬ 
ally reduces the antimony content by 


forming an intermetallic compound 
with antimony, which in turn cau^ 
heavy dressing. If this dross is skim¬ 
med off and discarded in the pre¬ 
sence of moisture, it releases small 
quantities of a colorless, poisonou$»[ 
flammable gas^—stibine (SbHs). I 

These changes in battery manufao; 
tore remove any reasonable justifia'' 
tion for attempting to salvage bat¬ 
tery lead for bullet metal .-^-C.E.H, 


Ringed Chambers 

Recently, several single-shot rifk H 
shooters at our club have noticed rin^ M 
in the forward portion of their rifk ■ 
chambers which cause hard extrac- I 
tion. All rifles were fired with plam ■ 
based lead bullets at low velocity, in ■ 
fixed ammunition in calibers such^ I 
the 8.!5x46R mm and 32-40, wif/t ■ 
loads having a fiber filler inserted I 
lightly over the powder charge. Tfe ; ■ 
rings are observed at the approxifnet^ I 
location of the bullet bases. Does use o{ I 
the filler entail a risk of chamber nrt^- I 
ing? ■ 

Answer: Other reports of chamber ■ 
rings when firing straight walled I 
cases with low velocity cast bullet I 
loads and a filler over the powder I 
charge have been received. (See I 
American Rifleman, Feb., 1978 p, 73), 1 
Sever al instances of this occurring in I 
,458 Win. Mag. rifles with cast bullet i I 
loads are believed to have been I 
caused by inserting a hard cardboard I 
wad over the powder charge. A test I 
furnished the American Riflemmby 1 
B. J. Obermeyer Brass Extrusion 1 
Labs, Inc. indicated that use of a I 
cardboard wad over the powder I 
charge in .470 N.E. when certain I 
canister powders were used which I 
left much airspace in the case, I 
caused a significant and undesirable I 
increase in pressure. American Rifk- I 
man. Sept., 1975, p. 93 reported J 
chamber ringing in a ,38 Special re- I 
volver in only 150 rounds when a .08" I 
cardboard wad was sealed over the I 
powder charge, j 

I knew a group of Schuetzen shoot' I 
ers some years ago who claimed to I 
have seen barrels ringed at the po&i* | 
tioTi of the bullet base of their I 
breech-seated bullets when cork or j 
fiber wads were sealed on top of the I 
powder charge. Seating the wads I 
just inside the case mouth, against j 
the bullet base in their separate 
loaded ammunition eliminated the 
problem. 

I have a Winchester HhWall 38-55 
with No. 4 barrel that has been fired ] 
many thousands of rounds with the j 
Lyman #375272 Hudson bullet, ] 
breech-sealed ahead of the chamber, j 
charged with 18.0 grs. of SR-4759 0'r | 
32.0 grs. of IMR-4320 and a blottifig,. \ 
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llpaper wad pressed onto the powder, 

I ^ich shows no evidence of ringing 
' io the barrel or chamber. I have also 
1 seen many rifles chambered for 
^ bottleneck cartridges such as the 
: 30-'06 that w'ere fired extensively 
' with cast bullet reduced toads using 
] fiber fillers which show no signs of 
] ^ringing. The ''Speer Reloading Man- 
] ual No* 9” states a fiber filler was 
j used over the powder charge for all 
I rduced loads for jacketed bullets 
^ therein ( and no problem seems to 
^ bve arisen from use of these loads. 

The evidence is not clear* It ap- 
prs that ringed chambers caused 
j by wads or fiber fillers pressed down 
on the powder charges have occurred 
in some instances, but not in others. 
The weight of the wad is apparently 
of some significance, as is the fact of 

• whether it is loaded so as to touch 
the base of the bullet, or is pushed 
down so airspace exists between the 
wad and base of the bullet. Hand- 
loaders should be aware that while 
there is evidence that tufts of Dacron 
or kapok over the powder charge 

I often improve the uniformity and ac- 
curacy of many reduced loads with 
cast or jacketed bullets, some risk of 
' ringing exists. They must balance 
I this in their own judgement against 
the benefits derived from such wads 

* or fillers in reduced loads*— 
W.C.D.,Jr. 


Antimony For Bullet 
Metal_ 

Tin has become so extremely expen- 
' sive that even some long-time users of 
it may find they have to reconsider. (A 
liule tin remains necessary for good 
casting quality.) Antimony is the only 
practicable alternative. Also, antimony 
is necessary iVr many cast bullets where 
tin alone does not give adequate hard¬ 
ness and strength. I bought some an¬ 
timony t but it merely floated on the 
lead in my electric furnace. What it the 
secret in using it? 

Answer: The difficulty with an¬ 
timony is its melting point of 
1167“^?., which is a low red heat and 
above the operating range of the 
usual handloader's electric melting 
j pot. Antimony can be alloyed with 
' lead at a lower temperature, very 
; slowly, but handloaders may find 
’ that impractical* On the other hand, 
antimony once alloyed with lead 
melts without difficulty and can be 
used in bullet metal as desired* Ac- 
j cordingly, the best way to procure it 
I is when already alloyed half-and-half 
with lead. The user then buys and 
pays transportation on new lead in 
' only the same small amount as an¬ 
timony, obtaining all the rest of his 
metal locally. Unfortunately, an¬ 


timony alloyed in this simple way 
has not become widely available* 

This antimony supply can be pre¬ 
pared in any melting pot which can 
be raised to the required heat. The 
essentials are only an iron pot over a 
coal or charcoal fire, and a gentle 
blower. 

For occasional use, a hollow cinder 
block, bound with wire or a steel 
band to prevent eventual splitting, 
works well. A square of hardware 
cloth (coarse wire screen) placed un¬ 
derneath and covered with a layer of 
small stones, supports the fire. A 
small fan provides the draft and is 
adjusted by moving it forward or 
back. Charcoal briquets make a hot 
fire. 

Installation must be outdoors, to 
avoid danger of fire and especially of 
carbon monoxide poisoning. There 
will also be some vaporizing of met¬ 
als at the temperature involved, but 
carbon monoxide from the fire is a 
controlling consideration in any 
case. 

Put equal weights of lead and an¬ 
timony into the pot, and cover with a 
thin layer of powdered charcoal to 
prevent oxidation* When the metal 
can barely be seen to be a dull red 
when screened from the sky (wear 
eye protection!), it is hot enough* To 
insure homogeneity, stir it with the 
end of an iron rod which has been 
dried in the fire. Take the pot from 
the fire and allow it to cool some¬ 
what, then skim and pour the metal 
into molds. Handloader's ingot 
molds which make 1-lb. ingots are 
convenient. Similar full ingots of 
50-50 lead-antimony will weigh 
about .8 lb*, containing ,4 lb* an¬ 
timony and .4 lb* lead*—E.H*H, 

Forcing Cone Polish 


It has been pointed out by the 
American Rifleman that both patched 
and conventional bare cast bullets may 
be cut by the edge of the forcing cone in 
308 and 30-V6 barrels. To prevent 
this requires making the bullet defi* 
nitely smaller than the cone opening. 
Would it be desirable to eliminate this 
trouble by enlarging the cone? 

Answer: There is no doubt that forc¬ 
ing cones as small as .309" are too 
small for either patched or conven¬ 
tional cast bullets. For both these 
types, enlarging the cone to at least 
the standard .310" would be advan¬ 
tageous* Cones of only *309" opening 
normally are found only in custom 
barrels, and users of custom barrels 
tend to have them made or altered as 
required* 

The great majority of riflemen, 
however, use factory barrels as man¬ 
ufactured. Fortunately for cast bullet 


shooters, the factory barrels can 
shoot correctly made cast bullets of 
both kinds very well. 

But most barrels can be improved 
for this use by polishing the forcing 
cone and smoothing its edge* Any 
qualified gunsmith can do it* Con¬ 
ventional cast bullets larger than the 
usual ,310" cone opening, for 
example bullets of the traditional 
*311" diameter, necessarily are sized 
by the cone edge on discharge. (It is 
remarkable that this remained un- 
menlioned in the cast bullet infor¬ 
mation and misinformation pub¬ 
lished through so many decades.) 
Smoothing the cone eases this ac¬ 
tion. 

Paper patched bullets have shot 
most reliably when sized *30S" over 
the lubricated patch, and then 
loaded so as to enter positively in the 
forcing cone before discharge (' Fit¬ 
ting Paper Patched Bullets," March 
1978, p.68). But even then there are 
indications that the cone should be 
smooth* — E.H.H. 


Patching Bullets 


/ have obtained a mold for casting 
paper patched bullets, hut am having 
trouble patching the bullets. Would 
something be helpful which could hold 
the patch in place until it can be wrap¬ 
ped? A practical method must be av~ 
aiiabk if these patched bullets are to be 
used generally. 

Answer: Your comment is quite cor¬ 
rect. Several artifices tried here for 
sticking the patch down during ap¬ 
plication have not succeeded or have 
produced poor bullets* Instead, some 
details in the standard patching op¬ 
eration have been improved, making 
it much easier. 

To note these, review the patching 
operation. Provide a semi-soft base 
on which to work, most suitably a bit 
of thick sheet rubber. Wet the patch 
with saliva on both sides. Lay it 
down pointing away from you, with 
the near corner turned up. Lay the 
bullet in place, press the upturned 
corner onto it, and pull the patch 
tight. While pressing dowm hard, roll 
the bullet away from you. When the 
patch is all rolled on, pinch the paper 
tail into as fine a stem as possible 
and then twist it in the direction of 
rolling. After it has dried hard (dry¬ 
ing can be speeded with gentle heat, 
if desired), clip the tail off short. 

The only serious difficulty is that 
the applied patch may be loose and 
thus useless* This will be because the 
comer did not stay down until the 
bullet could be rolled over it. These 
improvements help greatly to pre¬ 
vent this. They are: 

• Wet the corner thoroughly; it is 
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limpness which allows it to stay 
down* The rest of the patch can be 
only damp, allowing the tail to be 
twisted snugly without wringing off. 

• After the first half-turn of the 
bullet, roll it back far enough to 
make sure the comer is under your 
fingertip again; then roll it forward 
to completion. This, done routinely, 
eliminates failure and in fact makes 
the patch so tight it cannot be turned 
on the bullet even while still wet* 

• After this half-turn reversal, 
complete the application while pres¬ 
sing down at point and base of the 
bullet. This leaves the patch leading 
edge exposed to view; the direction 
of rolling then can be corrected dur¬ 
ing the operation, making it error- 
free and fast. 

• About Vi6" can be cut off that 
near corner, making it stick down 
most easily. This expedient should 
not be needed very long* 

Patching these bullets does require 
some skill and practice. But with the 
above details, which were developed 
in long experimentation here, it is 
simple and straightforward.—E.H*H. 

Paper Patches In Light 
Loads 


Except for a single 308 load at 2000 
f.p.s., all current information in the 
American Rifleman on the new paper 
patched bullets has been for loads of 
full power (' Paper Patched Bullets 
Come Of Age", March, 1977, for 308 
and 30-06; and "Paper Patched Bul¬ 
lets Work !n 300 Magnunif De¬ 
cember, 1977, for 300 Winchester 
Magnum). Why is this? Are these bul¬ 
lets unsuitable for light loads? 

Answer; The NRA development of 
paper patched bullets began in light 
and medium loads. But unlike con¬ 
ventional bare cast bullets, they did 
not seem to require such loading to 
shoot well. This w^as most interest¬ 
ing, since the conventional cast bul¬ 
lets can shoot very well when made 
and loaded in accordance with their 
requirements, which now have been 
made known; but they cannot ap¬ 
proach full power in modern car¬ 
tridges. So the paper patched bullet 
development in its eventual form 
was devoted to loads of full factory 
power, with the published results 
w^hich you note. 

There appears to be no reason 
these patched bullets could not suc¬ 
ceed in light loads as well, when 
made and patched as detailed in the 
two articles you refer to. For light 
loads they have to be cast of softer 
alloy to expand properly into the rifl¬ 
ing on discharge. That is an advan¬ 
tage, requiring less expensive lead al¬ 


loys than conventional cast bullets in 
corresponding loads. The patch also 
provides the bullet with immunity to 
gascutting and the accompanying 
slight bore leading to which conven¬ 
tional bare cast bullets remain sub¬ 
ject in some degree even in best load¬ 
ing. I have not yet worked out in de¬ 
tail the requirements for light load¬ 
ing of patched bullets, as was done 
for full power loading and explained 
in the two articles you refer to; but 
preliminary tests in late 1977 indi¬ 
cate that patched bullets can per¬ 
form in light and medium loads. 

Still, the conventional cast bullets 
now are doing well, and in some 
cases extremely well, in their own 
lower power range. So present 
reasons for trying paper patched bul¬ 
lets in that range appear to be only 
the hand loader's curiosity, and cer¬ 
tain advantages of the patched bul¬ 
lets mentioned above. —^E.H.H. 


Gas Check Seater 


Only the Saeco lubricator-sizer seats 
gas checks as a separate operation be¬ 
fore sizing and lubricating bullets. Can 
you suggest some simple way this can 
be done using the more common lubri¬ 
cator-sizer tools? 

Answer; One way is to make the 
kind of small fixture illustrated here* 



Easily made fixture (arrow—section view 
below) allows seiuirate seating of gas 
checks with an ordinary lubricator-slier. 

It fits inside the sizing die nut of or¬ 
dinary tools such as the Lyman and 
RGBS. Gas checks are set into the re¬ 
cess at the top of the fixture and 'are 
seated squarely onto the bullet bases 
by downward pressure of the top 
punch on the bullet noses. The fix¬ 
ture is then removed and the bullets 
sized and lubricated in the usual 
manner* 

When gas checks are seated as part 
of the lubricating-sizing operation, 
inward pressure of the sizing die can 
crimp the gas check onto the bullet 
shank before the gas check is seated 
firmly and squarely against the bul¬ 


let base. This is particularly true if 
the shank is tapered, and most are, 
Eliminating resulting irregularities 
is the principal advantage of seating 
gas checks as a separate operation, 
The gas check seating fixture is 
easily turned on a lathe from I" dia. 
bar stock. The recess at the top is 
made about .035" deep and about 
.005" larger in diameter than the gas 
check* The bottom is turned down to 
about diameter to fit inside the 
nut which holds the sizing die. No 
change in the normal tool setup is re- 
quired to use this fixture—R.N*S. 


Contaminated Lead Supply 


/ have found it impossible to cast 
good bullets from a quantity of lead! 
recently obtained. The American Ri¬ 
fleman has stated that lead may ht 
contaminated by zinc or alumimtli^ 
What can he done to correct this, or 
prevent it if possible? 

Answer; Small amounts of zinc or 
aluminum do destroy the casting 
quality of lead* 

Consultation with a highly qualh 
fled source brought out that there ii 
no simple, ready means for detecting^i 
the presence of zinc or aluminum in 
lead. The reloader, therefore, may 
find it wise to test the casting quality 
of lead or lead scrap before he adds 
expensive tin and antimony to it, or 
mixes it with good metal* Even sup- 
posedly good pig lead has at times 
been found to be seriously contamk. 
nated. Zinc and aluminum diecast-J 
ings now appear almost everywhere, 
and it would take very little of either 
of these to spoil a whole batch of 
lead. i 

If a practical casting test shows 
bad casting quality, the user should 
reject the metal if possible. If it must 
be used, the following can be a guide 
in making the best of the situation. 

Some years ago the American Rifle¬ 
man found that a purchase of pig 
lead drossed almost endlessly when 
melted* No other lead being at hand, 
attempts to use it continued, and 
after many fluxings and ski minings 
the metal did become usable thou^ f 
never really good. For informatioOil 
the "phase diagram" of aluminuDiJ 
with lead shows that these two met¬ 
als alloy at all temperatures above 
1218^F*; but below that and all the 
way down to 62 IT* (the melting 
point of lead), there is little or noal - 
loying, and the two metals are in 
only a mechanical mixture. Alumi¬ 
num being so much the lighter {,097 
Ibicu* in,, lead .41 Ibicu* in.), it might' 
be expected to rise to the top of the 
melt, and that is what happened in | 
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this case. Accordingly, if extreme 
flro&sing is experienced, the metal 
should be given time to settle* Flux¬ 
ing minimizes the loss of sound metal 
in the dross, but the stirring required 
in fluxing prevents the desired sepa¬ 
ration. It appears best to let the melt 
stand quietly an hour or more, until 
it eventually remains clear after 
shimming. 



Defect caused by severe zinc contami¬ 
nation* Less contamination may show 
only frosting on butlet bands and grooves. 

Zinc contamination presents a 
much more difficult problem. The 
lead-zinc phase diagram shows the 
two metals alloying at all tempera¬ 
tures above the melting point of lead* 
The expert advice mentioned above 
included some suggested means for 
separating them, but not a simple, 
readily applied procedure which 
would be practicable in connection 
with bullet casting. 

The illustration shows typical 
casting defects in what apparently is 
a zinc-contaminated alloy. The 
"frosted" spots are depressed below 
the surrounding normal areas be¬ 
cause of the contaminated metal's 
high surface tension, which kept it 
from filling the mold completely. Not 
touching the mold, the sunken spots 
cooled abnormally slowly, and this 
caused their frosted appearance. The 
situation can be improved by raising 
the temperature of mold and metal 
considerably, but this is only partly 
effective and is undesirable in itself* 
Adding tin, which normally would 
improve casting quality, has little ef¬ 
fect here. 

Metal contaminated in this way is 
best thrown away. If it must be used, 
it can be added to a larger quantity 
of good metal, with great caution of 
course, and thus saved. Add a little 
at a time, and after each addition 
check by casting sample bullets to 
make sure that the result is not too 
degraded for the use intended. De¬ 
spite care, it is likely that too much 
will be added, since it is hard to per¬ 
ceive just when the unsatisfactory 
condition is approached. So fill the 
melting pot only half full of good 
metal and make the additions to that; 
then when a little too much of the 
bad has been added, as revealed by a 
casting check, fill the pot the rest of 
the way with good metal which will 
restore the whole to usability. In such 
a case, I added some apparently zinc 


contaminated lead, H lb. at a time, 
to half a pot of good metal, stopping 
after putting in 4 lbs* when the prod¬ 
uct became unsatisfactory. Then fill¬ 
ing the 1 l-lb. pot the rest of the way 
with good metal produced 11 lbs. of 
alloy usable for an undemanding re¬ 
quirement* 

All this is a great deal of trouble 
and annoyance, worth going through 
only if one is stuck with a quantity of 
lead contaminated in one of these 
two ways. In that case, it can be sal¬ 
vaged as described.—E*H*H* 


Fit In Forcing Cone 


The description of newly developed 
paper patched bullets for loading in 
modem rifles C‘Paper Patched Bullets 
Come of Age,” American Rifleman, 
March, 1977, p. 23-32) explains that 
the patched bullets must be sized to a 
diameter suited to the barrel forcing 
cone. Now that this point has come 
up, might it apply to other bullets also? 

Answer: It applies to conventional 
cast bullets also. As the March, 1977, 
article points out, present .30-^06 and 
.308 Win. factory barrels have for¬ 
cing cones of about .310'' opening. 
The paper patched cast bullets mea¬ 
sure larger than that and so are sized 
to a diameter which can enter the 
forcing cone undamaged. 

While it appears never to have been 
pointed out clearly before, the same 
consideration must apply to conven¬ 
tional cast bullets when, as is usual, 
they are of .310" diameter or larger* 
The illustration shows the situation* 

In the .308 load a, a bullet of .312" 
body diameter has been seated in a 
barrel which has a forcing cone 
opening of about .310" (though rea¬ 
mer chatter marks in the cone leave 
its exact diameter uncertain). The 
cone has a sharp edge, which, with 
the given dimensions, inevitably cuts 
into the bullet as the illustration 
shows. While this bullet was a little 
larger than the traditionally recom¬ 
mended .311", obviously no bullet 
larger than .310" could enter this 
forcing cone without being cut. Even 
a .310" bullet would be undamaged 
only if perfectly centered by being 
pushed into place before discharge* 
Otherwise, nothing above .309" has 
any reasonable chance of getting 
through unharmed. 

The *30-'06 load, b, exhibits a more 
favorable condition. A bullet of .3105" 
body diameter has been seated in a 
barrel having .310" cone. The bullet 
is only a trifle larger than the cone 
opening, the edge of which also is ex¬ 
cellently smooth and rounded. With 
this smooth edge, and the bullet, be¬ 
fore firing, pushed into the cone as 


shown, the given dimensions work 
well—though no better than a .309" 
bullet pushed farther into the cone* 
If this edge were sharp, the .309" di¬ 
ameter of bullet would be necessary 
for reliable accuracy. 



The effects of severe (left) and slight In¬ 
terference (right) of the forcing cone with 
cast bullets as described in text. 


The following points are thus evi¬ 
dent: 

I. Barrels made for cast bullets 
should have forcing cones which 
are smooth and smooth-edged and 
larger than the bullets used. 

2* Factory barrels to be used exten¬ 
sively with cast bullets should be 
adjusted at these points, unless 
they have already worn to this 
condition (wear, thus, is favorable 
in this use), 

3. Otherwise, the bullets should be 
cast or sized to a diameter freely 
entering the existing forcing cone. 

4* With the bullet body fitted to the 
forcing cone as described, the bul¬ 
let's forward parallel should fit 
tightly on the rifling lands, as 
shown by the engraving* 

These conditions are readily 
checked by examining bullets assem¬ 
bled to different depths in the car¬ 
tridge case, and seated in the 
barrel.—E.H.H. 


Patched Light Loads 


The American Rifleman's develop¬ 
ment of new paper patched rifle bullets 
has been almost entirely in loads of full 
factory ammunition power. On the 
other hand, some experienced users 
find certain advantages in the more 
limited velocities of bare gascheck bul¬ 
lets—moderate recoil and hence pleas¬ 
ant shooting, and excellent accuracy 
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which now is possible, ft seems the pa¬ 
per patched bullets would share these 
qualities when loaded the same, plus 
the freedom from any bore deposits 
with patched bullets^ and perhaps fur¬ 
ther accuracy possibilities. Accord- 
directions you can give for 
light hading of paper patched bullets 
would be welcome. 

Answer: The NRA investigation of 
light loads with these new .30 cal. 
patched bullets was relatively brief. 
However, some basic points became 
clear: 

Detailed directions for these bul¬ 
lets in full power loads ("Paper 
Patched Bullets Come Of Age,” 
March, 1977, p. 28-32) govern in light 
loads also. They include adequate 
hardness (for this see below), patch¬ 
ing with high grade paper of correct 
thickness, lubricating the patched 
bullet with Teflon spray, then sizing 
it on standardized Alox bullet lubri¬ 
cant to a diameter entering the bar¬ 
rel forcing cone, and seating it in a 
light case neck to a depth fitting the 
bare forward bullet part onto the 
barrel rifling and the patched body 


Bullet casters have often salvaged 
lead from storage batteries, but this 
is no longer safe or practical. Manu¬ 
facturers have reduced the amount 
of lead in batteries, so the quantity of 
metal obtained is hardly worth the 
effort or risks of explosion, acid 
burns, or environmental pollution. 

These disadvantages apply to all 
batteries, but the advent of the 
"maintenance free" battery has 
raised another far more serious haz¬ 
ard. All or part of the antimonial al¬ 
loy is being replaced in these batter¬ 
ies by other alloying elements such 
as calcium. The danger comes when 
calcium alloys are melted with those 
containing antimony and arsenic. In- 
termeiallrc compounds are formed 
in the meli which become mixed with 
the dross. When the dross is dis¬ 
carded, these can react with mois¬ 
ture to release highly toxic gases. 

Let us consider what happens when 
a caicium alloy is mixed with wheel 
weights. At normal casting tempera¬ 
tures, either alloy alone exists as a 
homogeneous solution in. which all of 
the alloying constituents are dis¬ 
solved in the lead; gravity segrega¬ 
tion cannot occur. The dressing be¬ 
havior of the two alloys is very 
different. The surface of a freshly 
fluxed antimonial alloy is bright and 
oxidizes slowly, but lead-calcium al¬ 
loys dross more rapidly than pure 


into the forcing cone ('"Paper 
Patched Bullets," March, 1978, p. 
68). The patch should enter the forc¬ 
ing cone, not merely be pushed 
against the cone's rear edge; sizing 
to .308" makes this possible. 

Light loads require less bullet 
hardness than full power loads. But 
do not overdo this. Excessively soft 
bullets appear to expand prema¬ 
turely during discharge, destroying 
the paper patch and shooting poorly. 
Except possibly for the lightest loads, 
a hardness of about Brinell 13 ap¬ 
pears best to start with, correspond¬ 
ing to an alloy of equal parts linotype 
metal and pure lead. Make the bullet 
as hard as will still expand reliably 
into the rifling on discharge, rather 
than as soft as will not shoot too 
badly. 

For the same reason, a propellant 
of moderate burning speed should be 
chosen, to move the bullet undam¬ 
aged into the rifle bore. Fast-burning 
pistol and reduced load powders are 
unsuitable. Propellants no faster than 
IMR 4198 are initially appropriate.— 

E.H.H. 


lead, forming a si 1 very' scum which 
becomes thick and gray as casting 
proceeds. The dross clings tena¬ 
ciously to the casting ladle and often 
ends up inside the bullet mold. Cal¬ 
cium alloys are ill-suited for cast 
bullets. 

If the two metallic solutions be¬ 
come mixed, (or the alloys are melted 
together), the antimony and arsenic 
will react with calcium to form small 
crystals in the melt. While the reac¬ 
tions may vary in accordance with 
the composition of the melt, the two 
most commonly accepted reactions 
are: 

2Sb + 3Ca-^Sb2Ca3 

2As + BCa-^AszCaa 

SbaCas and As 2 Ca 3 are intermetaL 
lie compounds which have very lim¬ 
ited solubility in lead melts at nor¬ 
mal casting temperatures, and no 
amount of fluxing or stirring will 
cause them to return to the melt. 
Since neither compound will dis¬ 
solve, and both are less dense than 
molten lead, they will gravity segre¬ 
gate to the surface and become mixed 
with the dross. The danger lies in 
what can happen to the discarded 
dross. 

In metallic form, calcium is easily 
oxidized. In fact, calcium s affinity 
for oxygen is so strong that it will ac¬ 
tually pull the oxygen from water, 
whether in liquid or vapor form. In 


the case of the above-mentioned in¬ 
termetal lie compounds, water oxi¬ 
dizes the calcium to form lime while 
the hydrogen combines with anti¬ 
mony or arsenic to produce the poi¬ 
sonous gases stibine and arsine re- ' 
speclively. The chemical reactions) 
are: 

SbjCa, + SHiO-fSCaO (lime) + 
(stibifie) 

As^Cag + 3H2O^3Ca0 (lime) + 2AsHj(ar¬ 
sine) 

Both gases are considered acute 
poisons and are approximately 
equivalent in their effects on the s)'S» 
tern, but somewhat more is knoM 
about the toxicology of arsine. This 
is probably due to the fact that in¬ 
dustrial deaths have occurred as a 
result of arsine poisoning. For exam¬ 
ple, aluminum, which is commody 
used in tin refining, combines with 
arsenic impurities to form AsjAlj 
which when wetted produces arsine. 

Owing to their high density rela¬ 
tive to air, both gases tend to acoi- 
mulate in low lying places. Around 
the home, the two most obvious areas 
of concern arc basements, where 
much casting is done, and garbage 
cans, where the dross is usually dis¬ 
carded. Of the two, the basement is 
probably the lesser worry. The reac¬ 
tion with damp basement air is rela¬ 
tively slow and would tend to be df 
luted by air. However, if the quantity 
of dross is large, or if the dross acci¬ 
dentally becomes wet^ significanl 
amounts of gas could be generated 
and may contaminate the entire 
basement of an average size home. 

Garbage cans where dross is dis¬ 
carded are perhaps the most danger¬ 
ous area. The interior is usually vvei 
with residue or rain water which can 
cause a large amount of gas to be 
generated quickly in a restricted vol¬ 
ume. Inasmuch as light helps to de¬ 
compose stibine and arsine, the dark 
interior of the can prolongs the life of 
the gas. Once a quantity of gas is pro¬ 
duced, anyone lifting the lid to de¬ 
posit material could easily inhale a 
concentrated dose. 

Physical effects due to poisoning 
depend on how much gas is absorbed 
by the body. Some sources indicate 
that as little as 50 parts per million 
(p.p.m.), 720,000 dilution, of arsine is 
injurious to the system, impairing 
the function of the blood or causing 
pulmonary edema. A few breaths of 
the concentrated gas may be fatal. 

Calculations show that 1 lb. of 
wheel weight metal of the above- 
mentioned composition will ulti¬ 
mately produce 0.1 cubic feet of poi* 
sonous gas, stibine plus arsine. If a 
bullet caster were to obtain six used 
maintenance free batteries, the six 
batteries should yield about 44 lbs. 
of calcium alloy which is sufficient to 


Battery Plates: 

Bad News for Bullet Casters 
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react all the antimony and arsenic in 
3 lbs* of wheel weights* If three or 
more pounds of wheel weights are 
mixed with the calcium alloy, enough 
Sb 2 Ca.-j and As 2 Ca 3 will be trapped in 
the dross to generate 0.3 cubic feet of 
gas. 

The volume of a typical 30 gal. gar¬ 
bage can is about 4 cubic feel; there¬ 
fore, 75,000 p.p .m* of these poisonous 
gases could be trapped for some fi¬ 
nite period of time in the garbage 
can. This is 1500 times more than the 
amount indicated to be injurious to 
the system and certainly approaches 
a concentrated dose. Even if it were 
determined that this theoretical cab 
culation predicts a volume of gas 


several times more than would be 
found in a real life situation, the con¬ 
centration is still high enough to 
cause injury, particularly to small 
children. 

Three-tenths cubic feet of the gas 
will also contaminate the air space of 
a basement, A basement measuring 
24 ft. X 40 ft. with a 7 ft. ceiling has 
a volume of 6,720 cubic feet* Three- 
tenths cubic feet diluted 6,720 times 
still gives a concentration of about 
45 p*p*m. which is near the injurious 
level. 

It is important to emphasize that 
these concentration estimates are 
based on mixing 44 lbs. of calcium 
alloy and three or more pounds of 


wheel weights* Someone processing 
a larger quantity of alloy can expect 
a correspondingly larger problem 
with the dross material. 

The simplest solution to this poi¬ 
soning problem is to avoid using bat¬ 
teries, no matter how good the price 
is* And if you’re entertaining 
thoughts about separating the '’good 
batteries" from the ’'bad batteries" 
you're out of luck. In addition to the 
fact that external markings in no way 
define alloy content, manufacturers 
are presently marketing batteries 
which utilize both alloys (antimonial 
and calcium) in the same container, 

Dennis Marshall 


A Casting Technique That Works 


New cast bullet shooters are often 
frustrated by their inability to cast well- 
filled bullets, without defects, which are 
uniform in weight. It takes experience and 
a good casting technique to get good 
bullets. I hope the following procedure 
will work as well for you as it has for me. 

Preheaf the mould as the poi heals up. 
An electric pot should be about 700* F. 
Let your mould get well preheated before 
starling to cast. Heating the mould by 
casting 25-50 buHets and discarding them 
is a waste of time and labor* 

Fluxing: When the lead is up to 
temperature, flux the pot vigorously. 1 
prefer Marvelux for this. Reflux again 
every half hour and whenever you add 
new metal to the pot. 

Pour a generous sprue: When filling the 
mould from a bottom pour pot, put the 
sprue recess of the mould up against the 
pot’s spout and open the valve. In a 
moment when the cavity is filled* drop the 
mould down an inch without stopping the 
flow of lead and pour the largest button of 
lead you can get to form on the top of the 
sprue plate before shutting off the flow. 
You w^ant the bullet to harden before the 
sprue does* to minimize the effects of lead 
alloy shrinkage. 

Time the sprue's hardening: Watch the 
sprue button as it solidifies. A ten-second 
interval should give enough time for the 
sprue to harden before you cut it and 
avoid lead build-up on the bottom side 
surface of the plate. 

Refili the mould: Immediately after 
releasing the casting. 

Dropping the bullets: 1 drop the bullets 
out of the mould onto a folded bath towel 
which is on a Hat surface* While waiting 
for the sprue of the next bullet to harden, I 
scan the bullets already cast for imperfec¬ 
tions. 



Too cool a casting temperature, or oil 
contamination of the mould, causes bullets 
to be wrinkled and not filled out. 


Segregate double cavity bullets: If yours 
is a double cavity mould, segregate the 
bullets; drop bullets from #1 cavity in one 
pile and those from #2 cavity in another 
* . . unless you have proved the castings 
are identical in size and weight. They 
rarely are. 

If you have tw'o single cavity moulds, 
you may alternate their use: w'hile the 
sprue is hardening on mould A, dump B 
and refill it. While B is hardening, dump A 
. * . etc. 

Final inspections: When they're cold, 
inspect all bullets, looking for any imper¬ 
fections, A 2X eyeglass helps tremend¬ 
ously in this important culling process. 


You want to minimize the probability of 
having a flyer at the target. Discard all 
castings that show any imperfections; 
these go hack into the pot. 

Weigh all bullets: You want to find 
those that depart in w^eight from most of 
the others. Again, trying to minimize the 
probability of flyers at the target. The 
main objective of bullet weighing is to 
eliminate the occasional very light bullet 
which has a void, not visible to the eye. A 
weight variation of as much as ± 0.2 gr. 
among 170-gr. .30 cal* bullets which 
appear perfect otherwise has little or no 
effect at the target, and is adequate for 
serious competition. — SiD Mussllm.sn 



Frosting of the casting rs caused by too hot 
a casting temperature* Llniforin frosting 
does no harm, but avoid ‘'hot spots.” 
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STRONGER 

BULLETS 

WITH 

LESS 

ALLOYING 

The real characteristics of lead 
alloys make better performance practical 
at far less cost 


By Dennis Marshall 

C AST lead bullets provide an enjoyable 
extension of the possibilities open to 
the handloader. Among their advantages 
are greatly reduced cost and extended 
barrel life. 

Once bullets of the proper geometry and 
quality are obtained, the most important 
requirement for their success is sufficient 
hardness and strength. The common 
practice is to add large amounts of tin and 
antimony to provide this. But the cost of 
these alloying elements is very high. In iieu 
of such costly malerials, bullets of equul or 
superior strerigth can be made from lead 
comaining as Hr tie as 2'A% antimony, by a 
simple heat treatment. 

To understand how and why, consider 
the effects of the loads and especially the 
bullet metals used. 

Because of poor target accuracy ob¬ 
tained by many hand loaders with their 
cast bullets, The American Rifleman has 
published the results of its own research to 
identify the requirements for accuracy (see 
references). The most important conclu¬ 
sions were: (a) cast bullets must be strong 
enough to prevent deformation in firing, 
and (b) moderate charges of medium to 
slow burning rifle powders are required 


for any but very light loads, for the same 
reason. In support of these findings, 
Richard Lee provided graphic evidence of 
the problems caused by soft alloys and fast 
burning powders (7)* 

The most widely successful alloy has 
been linotype metal, which contains 12% 
antimony, 4% tin, and 84% lead. The 
metals literature indicates a Brinell hard¬ 
ness of about 22 for this material Brinell 
values as high as 34 are attainable, but 
only by copious further additions of 
antimony and tin, at additional expense. 
And these metals being lighter than lead, 
they decrease the bullef s sectional density. 
Reduced availability and increased cost 
of these alloying elements are providing 
ample reason for the bullet caster to use 
less of them. To this end, here we explain 
the real characteristics of lead alloys, to 
inform the handloader on techniques for 
producing bullets superior to linotype 
metal and with far less alloy content. 


The modern abandonment of *'hot type'* 
printing also is drying up the supply of 
type metals, so this development is timelw 
Ed 
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Figure 1. The phase diagram for lead'antimony alloys according to Hansen (10). It defines the liquid and solid regions of the system in 
terms of temperature and composition. 


The characteristics of lead alloys 

Metals commonly arc regarded ns 
unvarying materials* But lead* whether 
pure or alloyed* actually is in a high state 
of thermal activity even at room tempera¬ 
ture* and in that stale is subject to change. 
The reason is quite simple and is readily 
understood in terms of an absolute 
(Rankine) temperature scale. 

The melting point of pure lead is 621 “F. 
But on the Rankine scale (made by adding 
460® to the Fahrenheit value since 0® 
Rankine* the absolute zero, is 460® below 
0®F*)* lead melts at 1081® R. Room 
temperature is about 70® F, or 530® R 
which is half-way to the melting point of 
lead. Looked at in that way, its high state 
of activity becomes understandable. 

Lead is not unusual in this respect; it is 
only behaving like any other metal half¬ 
way to its melting point. For example, 
iron melts at 3257® R. One-half of this is 
equivalent to 1169° F, at which the iron is 
red hot and not far below the usual range 
of heat treating temperatures for steels. 
Being “hot” at room temperature thus is 
not unique with lead. Other elements are 
in a similar state of activity, while mercury 
is actually molten. Therefore, when you 
think lead, think hot. 


This "hot” behavior of lead does give 
rise to many changes in its alloys which 
are not normally encountered in other 
materials* 

By itself* lead lacks the necessary 
strength for bullets in modern rifles. While 
there are several materials which may be 
added to lead to improve its strength, tin 
and antimony are at present the only 
practical alloying elements for cast bullets. 
When either of these is added to molten 
lead, a metallic solution is formed. It is a 
common misconception that because they 
are less dense than lead, antimony and tin 
may undergo gravity separation from the 
melt. Nothing could be farther from the 
truth. The solution formed in this case is 
like that when sugar, salt, alcohol or 
antifreeze is dissolved in water* In the 
absence of oxygen or oxidizing materials, 
melted lead alloys will remain stable and 
mixed virtually forever. 

If a lump of sugar is placed in a glass of 
water and left undisturbed* it eventually 
dissolves. Likewise, a piece of antimony 
immersed in molten lead also dissolves. To 
show that this could be accomplished 
without any special equipment, a 130- 
gram lump of technical grade antimony 
(melting point I167°F) was added to a 
preheated pot containing 2250 grams of 


commercially pure lead. A coarse screen 
held the antimony under the surface of the 
molten lead to maximize contact and 
minimize oxidation of the antimony* At 
900®F* approximately the upper operating 
temperature for most bullet casting pots, 
the antimony dissolved in about 30 
minutes. The alloy produced was entirely 
suitable for casting and was used to make 
the bullets for the photomicrographs in 
Figures 3 and 4. 

It is important that this alloying be done 
with generous ventHution. When the 
antimony was added to the lead tn this 
demonstration, a whitish vapor evolved 
from the molten surface. A portion 
collected by allowing it to condense on 
aluminum foil proved to be antimony in 
the form of an oxide (Sb^O.O* Sax (9) 
equates the toxicity of antimony with that 
of arsenic, so it is advisable to treat this 
material with a little respect. Fortunately, 
once the antimony has dissolved the rate 
of evolution drops dramatically. 

Molten lead alloy exposed to air soon 
oxidizes. This oxidation affects all the 
constituents, including the lead. (The 
chemistry of tin and antimony dictates 
that they oxidize at a higher rate, w^hich 
accounts for their gradual depletion from 
the melt*) Thus, the scum which forms on 













Temperature (T) 



Weight Percent Antimony 

Figure 2. Enlarged view of the lead rich side of the lead-antimony phase diagram shown rn Figure 1. In conjunction with the text, it is useful 
for explaining the solidification and heat treatment of lead-antimony alloys. 
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Figure 3. (500X) Photomicrograph of a cast bullet made from a 
tead'5% antimony alloy. The 'Tree-like'* structure is representa¬ 
tive of those which form during solidification of lead-rich alloys 
{less than 1T1 % Sb). The 'Tree*" is nicely outlined by the eutectic 
which freezes at 486°F, 


Figure 4. (100X) At this lower magnifications, this micrograph 
shows at least twelve '"trees" in various orientations. The 
photograph was taken about 1/10" from base of a lead-5% 
antimony bullet. The small black spot near top of the picture is a 
shrinkage cavity formed when the eutectic material contracted 
on freezing. 


the surface of the melt is a mixture of 
metal oxides, not tin or tin oxide only. 

Fluxing returns much of the oxidized 
metal to the melt. Fluxes used by the 
bullet caster are usually some carbonace¬ 
ous matter such as beeswax or oil and 
sawdust, Tw'o things happen in fluxing: !) 
the carbonaceous material chemically 
reduces a portion of the oxides, allowing 
the metal to return to the melt, and 2) any 
oxides remaining are separated from the 
metal. During casting, the oxides formed 
are wetted by the metal, giving the 
appearance of a lumpy surface. If the 
surface is skimmed before fluxing, as 
much as 90% by weight of the material 
removed will be metal. After fluxing, the 
oxides which remain are more flocculent 
and much easier to remove. 

Since heat accelerates oxidation, it is 
best to operate the pot at the lowest 
temperature which gives reliable casting. 

The behavior of the alloy when it 
solidifies in the mold is best understood in 
terms of a phase diagram. For example. 
Figure I is the phase diagram (!0) for 
lead’antimony. and illustrates the rela¬ 
tionship of the liquid and solid phases in 


both temperature and composition. Note 
that only three compositions have a sharp 
freezing point: I) pure lead. 2) pure 
antimony, and 3) the Icad-muimony 
eutectic composition, I L 1% antimony. All 
other compositions solidify progressively. 

Since we wish to use less alloy, we focus 
on the lead end of the diagram. Figure 2 is 
an enlarged view' of Figure I for composi¬ 
tions up to 12% antimony. Suppose we 
have an alloy containing 5% antimony, 
indicated by the vertical dashed line in 
Figure 2. At 750*^F the alloy exists as a 
homogeneous solution of antimony and 
lead. It begins solidifying as soon as it 
cools to point B on the liquid us line AE. 
At this temperature solid crystalline lead 
nucleates and begins to grow, with a 
composition indicated at point C (approx¬ 
imately 2% antimony). As the casting 
continues to cool, the composition of the 
solid lead follows line CG while that of the 
liquid follows BE, At point H, for 
example, the compositions of the lead and 
remaining liquid are shown by points D 
and F. 

At slightly above the eutectic tempera¬ 
ture of 486*^ F. the last lead to form has a 


composition at point G of 3.5% antimony, 
while the remaining liquid contains lead 
plus II.I%? antimony. Just below the 
eutectic, the remaining liquid freezes and 
partitions to form two discrete solids, lead 
and antimony* 

It Ls interesting that during solidifica¬ 
tion, the lead grow^ in the shape of tree¬ 
like structures with a trunk and branches. 
One such tree is shown in Figure 3 which 
is a photomicrograph of a bullet cast from 
a 5% antimony alloy. Figure 4 is a lower- 
magnification photomicrograph ol 
another bullet of the same alloy. Examin¬ 
ing it carefully, you can find at least a 
dozen trees, MetallLirgisls call these 
structures dendrites owing to their tree¬ 
like shape. 

One or more lead trees, all growing in a 
cluster with the same orientation, consti¬ 
tute a single grain. Grain boundaries result 
wherever tree groups of different orienta¬ 
tions impinge on one another. An e.Kumplc 
of the grain texture common to cast 
bullets is shown in Figure 5. This is a soil 
lead (plumbers lead) bullet sectioned and 
polished to reveal the microstructurc. The 
high contrast betw'een grains was devcl- 
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Figure 5, (2,7X) Macrograph of a soft lead bullet (Lee C309- 
190F) sectioned to half diameter and polished. The grain sizes 
and shapes are representative of those found in alloyed bullets 
although alloying generally produces a more uniform grain size. 



Figure 6. (1000X) A branch of a lead dendrite, surrounded by 
eutectic material which has split into two discrete solids, lead 
(gray) and antimony (white). If the temperature of this alloy wera 
raised to 486'" F, the eutectic material would melt causing the 
alloy to lose all strength. Metallurgists refer to this condition as 
hot short. 


oped by a special chemical etchant 
followed by slow^ surface oxidation. 

The last liquid to freeze, the eutectic, 
occupies the spaces between the branches 
and whihin the grain boundaries. This 
appears in Figure 3 and again in Figure 6 
as the white and gray material surround¬ 
ing the grayish lead dendrite (a branch of a 
“tree'"). Figure 6 shows how the eutectic 
has split into two separate entities; the 
jagged white particles are antimony and 
the dark are lead. 

The euteclic liquid contracts in freezing. 
When this conics after the pouring sprue 
has solidified, a shrinkage cavity is ieft 
within the bullet. Liquid metal supplied to 
the shrinking area prevents this and thus it 
is desirable that the sprue area solidily 
last. Just how' prevalent shrinkage cavities 
are is not well documented, but based on 
the findings of this research they are fairly 
common, as they were found in almost 
every bullet which was sectioned and 
polished (see Figure 4). Although these 
imperfections can occur anywhere within 
the bullet, they are usually near the center 
where they have the least influence. 

Another consequence of eutectic shrink¬ 
age is “frosty" buffets. These occur when 
the mofd and, or pot temperature is too 
high. The long freezing time then results in 
exaggerated grain growth with very large 
dendrites. When the eutectic liquid con¬ 
tracts, the dendrites are in effect left 
standing out from the surface, and these 
give the frosty appearance. The same 
effect appears on the surface of a solidified 


pot of lead alloy, where it is common to 
see dendrites as large as W' on the slowly 
cooled surface. Actually the effect is 
always there, it's just not visible to the 
unaided eye on bullets cast at lower 
temperatures. 

Tin has acquired an undeserved reputa¬ 
tion as necessary in lead-antimony alloys. 
It has been stated (11) that in its absence, 
solidified alloys will exist as antimony 
grains surrounded by lead. This is very 
wrong as you can see from the preceding 
explanation and photographs. In all lead- 
antimony alloys with less than 11.1% 
antimony, lead grains are surrounded by 
the eutectic mixture of lead and antimony. 
For compositions greater than 11.1%, 
antimony crystals grow in place of the lead 
and arc surrounded by the same eutectic 
material, not merely lead. A certain 
amount of gravity separation can occur 
With this high percentage of antimony, 
since the growing antimony crystals are 
less dense than the alloy melt, but they will 
still be surrounded by eutectic. 

There are, however, two valid reasons 
for adding some tin to lead-antimony 
alloys. For printing purposes, tin is added 
to form a ternary eutectic; that is, a three- 
component alloy wath a single sharp 
melting point like the lead-antimony 
eutectic though at a still lower tempera¬ 
ture, 464®F. The composition of this 
three-component eutectic is 12% anti¬ 
mony, 4% tin, and 84% lead which is 
linotype metal. This possesses exceptional 
casting qualities, due in part to its very 


high fluidity. The alloy does not e.xpaod ' 
on freezing as many believe, in faci it [ 
contracts about 2% (8), ' 

The other reason for adding 
oxidation protection. F^ure lead-antimonyl 
melts form considerable dross, especialM 
if the surface is agitated as when using a ] 
ladle. As little as 0.25% tin will greatly 
reduce the quantity of dross by forming a 
tight layer of tin-rich oxide over llie 
surface. 

What hardens the bullet 

Two mechanisms provide strength in 
cast bullets: precipitation hardening which 
occurs within each of the lead grains, and 
eutectic hardening which occurs when a 
substantial portion of the bullet micro- 
structure consists of eutectic. In this latter 
case the eutectic forms a rigid matrix 
around the grains. Bullets with low alloy 
content derive most of their strength from 
precipitation hardening since there is little j 
eutectic material available. Those of liigli y 
alloy content obtain their strength from 
both mechanisms. 

Precipitation hardening is by far the 
more important — especially since heal 
treatment provides a means foroptimidng 
it. To understand its operation, we look ai 
Figure 2 more closely. For temperatures 
above 486° F, the composition of the lead 
grains is represented by the solidus line 
AG. This gives the proportion of aitii- 
mony which dissolves at a given lerapera- 
ture in solid lead. Below 486"F. thesolvus 
line G1 represents the solubility of anti- 
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5y V Figure 7. {200X) Polished and etched cross-section {normal to 
Id S major axis) showing the smeared metal at the periphery of the 
re bullet (light band on the right), Knoop identations show the 

le ■ difference in hardness: the four smalie^ impressions average 

IS B 36,7, the one in the smeared metal is 8.8, This latter value is 

B ItJwer than those in Table 2 due to edge effects. 


id BlTnony. When a bullet cools to room 
it B leittperature, we see that lead will no 

■ longer dissolve much antimony, acccptin 
is B only about 0.2%, Anything beyond 0.2% is 
B forced out of solution and precipitates as 
ly B small antimony crystals, much the same as 
a crystalizes out of soution from 

ly B water. These crystals are shaped some- 

a fl thing like flakes of shotgun or pistol 

ne B powder though they are about 100,000 

B litnes smaller. With the antimony thus 
B forming in solid lead, its motion is 
B , constrained and if becomes trapped. Since 
in Bimetals deform by the movement of 
-h B I imperfections (called dislocations) within 
id BUhe grains, the precipitates block move- 
a B thus strengthen the alloy. 

^ fl But though formed in a solid material, 
“r I the precipitates are by no means dormant, 

ix ■ Remember, lead is “hot” at room tempera- 

>y I lure and as a result the antimony is 

m I mobile, which gives rise to changes in the 

le ■ size of the precipitates with time. Most 

;h I important, there is an optimum size which 

I provides the highest strength, and ihis can 
V be comrolied in a predictable manner. 
ic I To understand how, we focus once 

It I more on Figure 2. Since line G\ gives the 

ig ■ composition of the grains, we see that il 

it ■ the bullet Ls heated above room tempera- 

rs I tare, antimony will again dissolve within 

d I the grains. This means the solid precipitate 

le I of antimony, along with some ol the 

i- I eutectic antimony, will go into solid 

1“ I solution wdth lead. The temperature must 

s I not exceed 486° F since that is the melting 

i- I point of the eutectic material surrounding 



Figure 8. {200X) Photomicrograph of two hard grains which slid 
relative to one another generating the dark band of deformed 
metal betw/een them. The Knoop hardness numbers are, from 
upper left to lower rights 38.8, 15.2 and 36.7. 


quenched in water. This produced a 
Brincll hardness of 21.6, about the 
hardness of linotype metal, in an alloy 
containing only 2% antimony and 1% tin. 

Special attention is given to including a 
seemingly insignificant amount of arsenic 
in the bullet alloy which, in combination 
with antimony and heat treatment, pro¬ 
duces a 50 to 60% increase in hardness 
over conventional linotype metal. 

Earlier, we discussed the mechanism 
responsible for strengthening a lead- 
antimony bullet, namely precipitation 
hardening, wherein minute antimony 
crystals precipitate within solid lead to 
block the movement of imperfections. 
What makes all this possible is the 
increasing solid solubility of antimony at 
higher temperatures. When a cast bullet is 
heated, additional antimony (over and 
above that which is soluble at room 
temperature) dissolves in the lead grains 
just as hot water dissolves greater amounts 
of sugar. When the temperature is again 
lowered, the antimony in solution pre¬ 
cipitates to harden the lead. From the 
standpoint of hardness, the signifkant 
difference between hard and soft bitHets is 
the size and distrihntion of the precipi¬ 
tates, and the.^e are readily comrolied by 
the heat treating time and temperature. 

The heat treating variables 

For maximum hardness cast bullets 
should be heal treated at the highest 
possible temperature, since that maxim¬ 
izes the amount of antimony that will go 


the lead (melting the eutectic would cause 
the alloy to lose all strength and fall 
apart). If the bullet is held at an elevated 
temperature for sufficient time, the grains 
will tend to become homogeneous in 
dissolved antimony. To be hardened, the 
bullet now is simply quenched in water. 
This quench is extremely important and it 
must be as rapid as possible. 

At this point it might seem as though we 
had merely duplicated the original cooling 
after casting, but there is a remarkable 
difference. Very rapid cooling causes the 
antimony to precipitate in a finer and 
more evenly distributed manner which 
greatly enhances the strength. By analogy, 
when sugar water is cooled rapidly the 
crystals formed arc smaller and more 
evenly distributed than from a slowly 
cooled solution, which produces larger 
and fewer crystals. 

We will now describe the most clTecllvc 
method for heat treatment in detail. 1 he 
best time and temperature were found by 
an experiment statistically designed to 
optimize these. We will also discuss the 
role of an element w^hich greatly increases 
the hardening action. 

While heat treatment may sound like a 
novel approach, metallurgists have done it 
with a variety of lead alloys to improve 
their strength or other mechanical charac¬ 
teristics (12). Of particular interest to 
bandleaders is its use with very dilute 
antimonial alloys (13). In this case, the 
metal was cast to the desired shape, heated 
for 30 minutes at 455° F,, and immediately 
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(Days) (Months) 

Ageing Time 

Figure 9. Ageing response of bullets heat treated by both methods. The hardness of butJets without arsenic are shown for comparison,^ 


into solution. It also speeds up the 
movement of atoms and thus hastens the 
process. 

The upper temperature limit is deter¬ 
mined by the melting point of the material 
surrounding the grains, the eutectic. For 
all the alloys composed primarily of lead- 
antimony, this upper limit is 4H6'^F. If the 
tin content of the alloy exceeds about 1%, 
the upper limit will depress toward the 
lead-tin-antimony eutectic at 464^ F. In 
either case, when the upper limit is 
reached the eutectic material melts and the 
bullets fall apart. This is readily apparent 
as the alloy surfaces become wrinkled and 
a bullet standing on end slumps to one 
side before completely melting. 

Some time is required to get the 
antimony into solution. Remember, the 
thing we wish to control is the movement 
of atomic antimony within solid lead, and 
atoms don't move fast under these 


circumstances. As an example, let us 
suppose you have placed a batch of bullets 
in the oven at 482*^ F. 1 f it wx^rc somehow 
possible to insert an “atomic chrono¬ 
graph” into one of the bullets, it would 
record a velocity in the order of lO '^f.p.s. 
(1/100,000,000 Fp.sT for the antimony 
atoms moving through the grains. You 
could walk the circumference of the earth 
in less time than it would take one of these 
atoms to move four inches. 

So if the healing time is too short, little 
antimony wall dissolve in the solid lead 
and strength wall suffer. But since heal 
speeds up atomic movement, the heat 
treating time is shortened by higher 
temperature. Fortunately, the distances 
atoms must move to accomplish sol¬ 
ution ing in lead are very small and 
consequently the times become entirely 
reasonable. 

Assuming a batch of bullets has been 


heating for sufficient lime, they mmt 
receive an adequate quench; failure logiv« 
this w^ill nullify an otherwise good he^t 
treatment. The key word in quenchings 
speed. An air quench is much too slow and 
would allow the antimony to initiate a 
coarse and ineffective pattern of precipita¬ 
tion; in fact, there is a good chance that air 
cooling will actually soften a cast hulkl 
But nothing more than tap water h 
required for quenching these bullets. 
Water as it comes from the tap oral room 
temperature is adequate. Iccwater offers 
no significant advantage — the benefits of 
lower temperature are offset by the poorer 
heat transfer in cold water. 

The heat treating investigation 

For heat treating to be useful to the 
average handloader, it must be workable 
over a practical range of temperatures- A 
typical kitchen electric oven, the most 
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lifeely heat source around the house, 
JtQctuates about the temperature at which 
It is set; so the user has to set it at 
^mewhat below 486° F to avoid melting 
bb bullets. Hovv much hardness then is 
[ttcrificed by operating at a lower tempera- 
We? To answer this question, as well as 
Jfeterniinc the effects of heal treating time, 
an experiment was run in w'hich time and 
[tftnperaturc were varied over broad limits 
and the effect on bullet hardness recorded 
(see Table I). Ingots were not used here 
Isince preliminary tests indicated they 
[tould not be heat treated to the same 
jbrdness as bullets, their larger mass 
Mowing the quench. 

I Test samples for each of the 16 cells in 
Table I wereaist from an alloy containing 
[ 5 %antimony, 0.5% tin, and 0. i?% arsenic, 
[inferred to here as alloy The mold 
was a Lee C,W’i70F, selected for its flat 
TK)se which was convenieni for hardness 
[lesting. Bullets were heal treated in an 
^industrial oven with a temperature control 
|of±2°F, quenched in room-temperature 
water» and tested after 24 hours of storage. 

The standard Brinell test lor lead alloys 
was unsuitable here, the usual 10 mm. ball 
indenior being much too large for the nose 
flat of a C309-i70F bullet. Substituting a 
U7 mm. ball and using a 4 kg. load, it 
Las possible to run several tests on the 
nose of one bullet. Hardness numbers 
[were calculated according to Meyers 
I formula, 

Hm (kg/mm ) = L; 7r(d /2)' 

I where T is the load in kilograms and d is 
' ihe diameter of the indentation measured 
in millimeters. The data in Table I are 
easy to compare with other known alloys, 

' since in this hardness range the Meyer and 
; Brinell values differ by only one number, 
u., Hm - Hfp + I. So if an alloy has a 
Brinell hardness of 22 it will have a Meyer 
hardness of 23. 

Referring to the row means in Table 1, 
it is obvious that lempcralure has had a 
pronounced effect on hardness. This was 
expected for the reason slated earlier, that 
more antimony dissolves at high tempera¬ 
ture and thus more of it takes part in the 
hardening. More importantly, the data 
show that good hard bullets are obtained 
at nearly 60° F. below the eutectic temper¬ 
ature, and thaTs well within the control 
capability of almost any kitchen oven. 

The only thing Table I doesn't tell us is 
the effect of temperature cycling on 
hardness- As an example, suppose a batch 
of bullets has been heating at 464° F. for I 
hour during w hlch the lemperature fluctu¬ 
ated ±I8°F. What then, is the final 
hardness value — 32.8. 35.0 or 37.7? While 
this effect was not considered in the 
experiment, it is a fair guess that the final 
number will be close of 35.0 and in any 
case the worst one could expect is about 
32.8 — not bad for an alloy with only 5% 
antimony, since it is 50% harder than 
straight linotype metal! 
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10 


9 


14 

428 

28.8 ± 1.0 

31.0 ± 0.8 

31.3 ± 0.8 

30.2 ± 1 
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34.2 ±1.0 

32.8 ± 0.8 

33.0 ± 0.7 

32.7 ± 0,8 
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CU 
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i 464 

36.5 ±0.4 

35.0 ± 1.7 

35.4 ± 1.0 

35.6 ± 0.9 

H 











Ll 


2 


ill 


ill 

482 

39.7 ± 1.4 

37.7 ± 1,3 

1 

39.3 ± 1.2 

36.9 ± 1.0 

Column 

34.8 


34,1 


34.8 


33,8 



30,3 


33,2 


35.6 


38.4 


Means 

Table 1. Results of a controlled experiment in which bullets were heat treated for the times 
and temperatures shown, quenched in room temperature water, aged 24 hours, and su - 
iected to a hardness test. The numbers In each cell are average and standard deviation of 
five Meyer hardness readings in kg/mmT The number in upper right hand corner of each 
cell indicates the order In which the data were taken. 


In contrast to temperature, the column 
means show that time has not influenced 
bullet hardness, even though a compari¬ 
son of individual cells might lead one to 
believe otherwise. From the bottom row^ in 
Table I, it is tempting to conclude that the 
bullets in Cell 7 are harder than those in 
Cell 2. But it is invalid to judge the 
differences between number groups solely 
on the basis of their averages: overlap 
must be considered also. This is clear in 
Table 2, which is the raw' data for Cells 2 
and 7. These provide a visual indicator of 
overlap, the high value for Cell 2 exceed¬ 
ing the low^ value for Cell 7. This overlap 
was evaluated statistically by a 'T" test, 
which indicated these two averages are not 
significantly different, a result which also 
is representative of the remaining data 
within each row' with only a few minor 
exceptions. 

For the bullet caster, this means that if a 
batch of bullets is not pulled from the 
oven at a specified time there's no harm 
done. Thus time variations from one batch 
to another are unimportant provided the 
time is sufficient and the temperature 
remains the same. 

In addition to supporting the claims 
about time and temperature, the analysis 
showed there was something unusual 
about Cell I when compared with the 
general trends of Table L While one-half 
hour was enough time at higher tempera¬ 
tures, it was not adequate to heat treat a 


bullet fully at 428° F. To determine 
whether this was indeed the case an 
additional set of bullets was heat treated at 
428° F. for only 15 minutes. These gave a 
Meyer hardness of 25.7 i 0.6 which is 
substantially lower than Cell i and 
definitely showed that one-half hour was 
the beginning of a downward trend in 
hardness. While it is likely you could get 
away with something less than one-half 
hour at higher temperatures, a few' extra 
minutes in the oven provide insurance ot a 
proper heal treatment and really don't 
represent any inconvenience. 

Arsenic increases hardenabihty 

Because lead is a material of great 
commercial importance it has been the 
subject of many investigations, having 
been alloyed with nearly half the elements 
in the periodic table. Still, out ol the 
countless variations and combinations 
tried, antimony and tin remain the only 
practical major alloying constituents lor 
cast bullets. However, metallurgists have 
found that very small additions ol arsenic, 
from 0.05% to 0,5% enhance the hardena- 
bility of antimony alloys by a quite 
disproportionate amount — even though 
arsenic alone is of little value for strength¬ 
ening lead. The intentional use of arsenic 
for cast bullets in fact represents some¬ 
thing of a turnaround, since it is generally 
regarded as a nuisance or an impurity at 
best. But in combination w'ith antimony 
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Cetl 7 

Cell 2 

41.4 

38.9 

40.5 

38.7 

40.0 

37.7 

38.9 

37.3 

37.9 

35,7 

39.7 ± 1.4 

37.7 ± 1.3 


Table 2. Here the ravv data for Cells 2 and 7 provide a visual indication of the overlap 
between them. On the basis of a statistical "t" test, the overlap was enough to nullify the 
difterence between averages. 

Aft Cast 

Heat Treated 
at 432^ 
lor 2 hours 

Composition by 
weight Percent 


16.2 ± 0.3 
After 6 days 

37.2 ± 1.1 
after 3 days 

5.0 Antimony j 

0,5 Tin [ 

0,17 Arsenic j 

Ailoy "A" 

14.3 ± 0.2 
after 6 days 

24.3 ± 0.5 
after 3 days 

4.4 Antimony 1 

Trace of > 

Arsenic ) 

Ailoy "B" 



a 



Table 3, The contrast between "'A" and "B" illustrates the beneficial effects of arsenic on 
bullet hardness. Each average and standard deviation is based on a mmimum of four 
Meyer hardness determinations. 


and heat treatment, arsenic provides the 
capability to harden lead much beyond 
present bullet casting standards. 

Table 3 provides an excellent compari¬ 
son of arsenic's benefits. It is obvious that 
the arsenic here has greatly magnified the 
effect of heat treatment. Had alloy '‘B" 
containing almost no arsenic been used in 
place of “A'\ the hardness in Table 1 
would have been displaced downward 
approximately 13 hardness units. (But if 
an alloy docs not contain arsenic, and is 
treated at higher temperatures, one can 
still expect something approximately as 
hard as linotype.) 

A good source of arsenic alloy is 
available in wheel-weight metal Four lots 
of wheel weights examined during this 
study had the compositions shown in 
Table 4. The precise composition doesn't 
matter so long as there is enough antim¬ 
ony and arsenic to harden the lead. Bullets 
cast from the 1974 lot and heat treated at 
482"^F. for 45 minutes yielded a Meyer 
hardness of 39.6 after ageing 5 hours, 
and this agrees perfectly with the data in 
Table I. 


If you are unable to obtain wheel 
weights or prefer making the alloy from 
scratch, there is a best compositional 
range, based on mechanical and economi¬ 
cal constraints. At the lower end, there 
must be enough antimony and arsenic to 
harden the lead. Judging from the per¬ 
formance of the wheel-weight metal 
shown here and other published results on 
heat treated lead alloys (12, 13), 2,5% 
antimony and 0.1% arsenic are practical 
lower limits. The upper bound is a little 
less definite. It makes little sense to add 
hardening alloys beyond the amount 
required to do the job, since that gains 
nothing in strength and serves only to 
increase cost and reduce sectional density. 
However, there is one practical considera¬ 
tion: if you anticipate remelting the alloy 
several times, there must be enough of 
these constituents to make up oxidation 
losses. Based on these arguments, 6% 
antimony and 0.3% arsenic can be 
regarded as practical maxi mu ms. Also, 
0.25% to 0.5% tin should be added to 
reduce drossing. If you add much more tin 
than this, the eutectic temperature wJll be 


depressed which will limit the maximui^ 
heat treating temperature that can be usd 
and hence limit its effectiveness. 

There are two commercial babbil! 
metals w hich can provide arsenic for youf 
alloy. One is arsenical lead babbitt (SAEI 
15) which contaims 15% antimony, l%tin, 
and 1% arsenic, the rest lead. The other is 
arsenical lead “G” babbitt, containing 
12.75% antimony, 0.75% tin, and 3^ 
arsenic. Both of these alloy readily wiih i 
lead and provide a safe means fori 
handling arsenic. I 

NEVER LINDER ANY ClRCLIVli 
STANCES attempt to alloy lead dircdlyJ 
with elemental arsenic or any of its 
compounds. Under normal atmospheric} 
conditions, strongly heated arsenic sub* . 
limes; that is, it transforms directly from 
the solid to the gaseous slate, emitting a ; 
highly toxic smoke. Leave this to tfic 
experts, and buy your arsenic in alloyedj I 
form such as the above babbitt metals. 

Details of heat treating I 

To obtain the hardest bullets, you will M 
wish to operate your kitchen oven nilk ) 
highest temperature practicable for your] 
alloy. That point is readily determined by I 
using the alloy it.self as a thcrmometeif i| 
Stand a few scrap bullets upright in llie 
preheated oven and increase the tempera-J ] 
ture in increments from 425''F. At the first I 
sign of melting, back off in small inert* 
ments until you can repeatedly leave a I 
batch of bullets in the preheated oven || 
without any risk of melting. Then mark or I 
record that thermostat setting so you can I 
return to it. Note that very few hortie | 
ovens have forced draft circulation and ] 
consequently hot spots are common. To 1 
avoid problems from these, place the I 
bullets in the same location each time. I 

As explained, heat the bullets for a ] 
minimum of 30 minutes, then plunge ikm I 
rapidly into a bucket of water. To imurc I 
proper quenching the bullets should be I 
loosely stacked in a basket fashioned from I 
heavy wire cloth. Be sure the slack isn't J 
too high as this will impede cooling of I 
bullets near the center. I 

Depending on the time, temperatuj^ I 
and alloy composition, a microscopicalB I 
thin layer of lead oxide will form on the I 
bullets. This tarnish has absolutely no I 
effect on hard ness or performance and, for 1 
all the benetlts afforded by heat treating, I 
the only thing you'll have to sacrifice is I 
possi bly a standa rd of aesthetic excellence. I 

Another method is also practical, that I 
of hardening cast bullets by dropping I 
them from the mold directly into water. I 

in 1958, James V. King published a I 
short article (i4) describing a method for I 
heat treating cast bullets in which they I 
were dropped directly from the mold inti I 
water. The advantage of this technique is I 
obvious to any bullet caster; since tkjl 
mold replaces the oven in cortventionrfB 
heal treating, the need for additional 
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sssing is eliminated. Furthermore, 
Ifkn used in conjunction with a lead- 
inlimony-arsenic alloy, the bullets cun 
attain a Meyer hardness in excess of 30. 
[(Convenience is not the determining 
jficior for using this method. Previous 
■work published in the American Rifleman 
1 ( 2 ) indicates that sizing does not improve 
[cast bullets and may even damage them. 
■Even the least amount of sizing involves 
Isome metal movement and any part of the 
Ibulkt so worked will soften, defeating the 
treatment. Thus, overxize huileis 
■TOf be sized Jirxf and then heat treated. 


lOuenching from the mold 




Chemical Analysis of Various 
Wheel Weight Samples 


Sample date 


Composition (weight 


and origin 

Antimony 

Tin 

Arsenic 

scrap, 1970 

5.08 

0.44 

0.12 

scrap, 1974 

2.54 

0.21 

0.26 

scrap, Jan. 1978 

3.06 

0.25 

0.17 

new, April, 1978 

3.03 

0.23 

0.17 


Table 4, Compositions of four lots of wheel weight metal obtained from gas stations. All 
provide a convenient, ready to use source of alloy for making hard bullets. 


[ Conventional heat treatment provides a 





tample means for hardening cast bullets. 

[The purpose of the additional heat and 
wyench processing is to make up for the 
adequacies of normal casting by causing 
[antimony to precipitate more efficiently. 


Lee C3Q9-170F 



[But, if a bullet is quenched while still hot 

Lee C3a9-170F 

Air Cooled 

Lee C309-170F 

Lyman 35B75 

from the mold, very much the same result 

Ts accomplished as with normal heal 

Cool Cost 

from Mold 

Hot Cesl 

Hot Cast 

treatment. 





The temperature from which a bullet is 

16.9 ± 0.1 

16.2 ± 0.3 

35.8 ± 0.8 

28.0 ± 1.1 

quenched has a remarkable effect on its 
[hardness. Once the bullet is cast, its 

@ 24 hrs. 

@ 24 hrs. 

@ 15 hrs. 

@ 15 hrs. 

jtemperature attempts to approach that of 
the mold and the rate at which it does this 

18.1 ± 0.5 

18.7 ± .1.2 

33.2 ± 0.1 

31.0 ±0.4 

is proportional to the temperature differ¬ 
ence between the two. A bullet will cool 

@ 4.9 days 

Age unknown 

@ 8.6 days 

@ 8.6 days 


[[faster in a mold at 300° F than one at 
|i400^F, and far equivalent times, it will be 
[cooler when ejected from the 300° F mold. 
This means precipitation will he more 
(advanced prior to quenching, detracting 
(from the hullcfs ability to harden. If the 
mold is maintained hot, more antimony 
Jwill be retained in solid solution for 
I hardening. 

I To demonstrate the influence of mold 
temperature on hardness, an experiment 
was devised in which bullets were cast 
under two temperature extremes, very hot 
and very cool While instrumentation was 
available for recording mold temperature, 
this option was not utilized. Instead, 
temperature was judged in exactly the 
same way any bullet caster would do it, by 
looking at the bullet. For the '’'coor 
condition, the mold was kept just warm 
enough to permit a reasonable fill with the 
bullets coming out shiny. A “hot" mold 
condition was judged to exist when the 
bullets became frosty over their entire 
surface. (To suggest that hand loaders 
intentionally cast frosty bullets will likely 
raise a few eyebrows. But remember, 
frosting merely represents exaggerated 
grain growth and large grains can be made 
every bit as hard as small ones.) Once 
these conditions were attained, the casting 
rate was held relatively constant. These 
conditions and the molds selected are 
shown in Table 5. 

All bullets were cast from alloy **A", 
consisting of 5% antimony, 0.5% tin, 
0.17% arsenic, and the remainder lead. 


Table 5, Illustrates the effect of mold temperature on the hardness of bullets water 
quenched directly from the mold. Quenching from a cool mold is no more effective than 
normal air cooling. Each average and standard deviation represents a minimum of four 
Meyer hardness readings. 


quenched in room temperature w'ater. For 
safety, the bucket was located such that it 
was necessary to turn around, back to the 
pot, while ejecting the bullet. Done in this 
fashion, the probability of w'ater splashing 
into the pot is remote and even if it does, 
metal cannot strike the face. The bullets 
were stored at room temperature and test 
samples were selected at random from 
each batch. 

The results of the hardness testing are 
shown in Table 5. Bullets cast under cool 
conditions show no improvement over 
those allowed to air cool from the mold. 
Bullets cast hot, however, attain a hard* 
ness similar to those obtained by conven¬ 
tional heat treatment. As stated earlier, 
casting temperatures were judged. How* 
ever, in a separate study, a thermocouple 
was attached to a single cavity mold to 
record its temperature during casting. 
Beginning at 205®F, casting speed was 
increased until the mold reached 430° F, at 
which the bullets became partially frosted. 
Thus, at least for this one case, the mold 


temperatures producing the desired hard¬ 
ness are on a par with those used in 
conventional heat treatment, emphasizing 
the importance of casting hot. 

Table 5 also shows different bullets cast 
under hot conditions do not always attain 
the same hardness, in spite of every 
attempt to keep conditions the same. This, 
too, is a temperature effect indicating the 
onset of frosting varies from one mold to 
the next due to differences in casting 
technique, bullet geometry and mass, and 
the general thermal properties of the 
mold. 

Due to the large number of bullet 
designs and mold types available, no 
attempt was made to examine a large 
number of molds. T he data in Table 5 
simply indicate that differences may arise. 
You should begin quenching your bullets 
after establishing a casting rhythm. If you 
break to flux the melt, return the first 
dozen or so bullets to the pot until rhythm 
and proper operating temperature are 
achieved. 
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Lead work softens 

Sizing is an operation of fundamental 
importance to hand loading. But while its 
hardening effect on cartridge brass is well- 
known. few hand loaders are aware of its 
marked influence on the strength of lead. 

For metals with high melting points; 
e.g.. steels, brass, titanium, etc., working 
(within limits) imparts additional strength. 
Metallurgically. work hardening Ls caused 
by the generation of defects (called 
dislocations) within the metars crystal 
structure. 1b remove the defects, the metal 
must be heated to a point known as the 
recryslallization temperature where new 
soft grains grow at the expense of the old 
hard ones. For cartridge brass this is 
660^F which is sufficiently above room 
temperature that defects W'ill remain in the 
metal unless it is intentionally annealed. 
But for lead, the recrystallization tempera¬ 
ture is about -74"^ F (13), which means any 
part of a bullet worked at room tempera¬ 
ture will soften spontaneously. 

This phenomenon is readily demon¬ 
strated w ith a bar of pure lead about l^'bn 
diameter. If the bar is bent sharply, there 
will be a pronounced increase in the force 
required to reverse the bend. If the bar is 
layed aside for about 10 minutes and again 
bent, there will be a noticeable drop in the 
resistance to bending, indicating that it 
has rec rys tall i/e d and softened. Makers of 
hand-made benchrest bullets utilize this 
property to their advantage, letting core 
material stabilize between stages of the 
forming operations. This permits using 
minimal force to form the bullet, a factor 
important for best accuracy. 

Work induced softening carries through 
for alloyed lead as well, the extent of 
which depends on the original hardness, 
alloy composition, time after casting and a 
host of other variables. Knowledge of this 
phenomenon is of general importance for 
an understanding of the metallurgy of cast 
bullets and is particularly relevant to this 
study since it determines the method of 
heat treatment used. 

Hardness measurements and metallo¬ 
graphy were used to determine the extent 
of work induced softening for heat treated 
bullets subjected to increasing amounts of 
sizing. Specimens were cast from alloy 
using a special set of oversized molds 
(Lee C-309-190F) supplied by Richard Lee 
of Lee Precision, Inc. All bullets were heat 
treated as a single batch at 464“ F for one 
hour and sized in a Lyman 450 Lubrisizer 
using a 0.310" die. Since alloying tends to 
delay recrystallization, sized bullets were 
stored a minimum of five days before 
testing. 

Hardness measurements were made on 
the driving bands and polished crossec- 
tions of the bullets, precluding the use of a 
ball indenter of any practical size. A more 
suitable test for this experiment was the 
Knoop hardness test. The Knoop indenter 
is a diamond ground to the form of a 


pyramid which produces a diamond¬ 
shaped impression like those shown In 
Figure 7. Knoop hardness numbers are 
calculated as follows: 

KHN (Kg/mm2) = 1/0.07028^ 
W^here L is the load in kilograms, 1 is the 
length of the long diagonal in mm and the 
constant, 0.07028, relates to the projected 
area of the impression. I he load in this 
study was 0.050 kilograms. 


How bullets deform 

Assuming the hand loaders is using a 
properly fitted nose punch and is careful 
not to ram the bullet against the depth 
stop thus damaging the base, sizing 
deforms bullets in two ways: (I) the 
surfaces of the driving bands are smeared 
due to die wall friction, and (2) the 
reduction in diameter broadens the driv¬ 
ing bands and causes the bullet to elon¬ 
gate, 

any sizing operation. In the case of cast 
bullets, lead is smeared over the surfaces 
of the driving bands and, in cases of 
extreme reduction, a thin ring of metal 
may be sheared from the bullet in spite of 
the use of tapered dies. Even where sizing 
is minimal, die wall friction represents a 
drastic form of deformation since it is 
localized to the surface. The hardness of 
this layer was measured on heat treated 
bullets subjected to various amounts of 
reduction and the results are shown in 
Table 6, 

Surprisingly, the extent of softening 
bears no relationship to the amount of 
sizing and is equally damaging (in terms of 
hardness) for even small amounts of 
deformation. Under the microscope, it 
appears as a region of grossly worked 
metal varying from 0.001 to 0.002" in 
thickness, depending on the degree of 
sizing. This is illustrated in Figure 7 along 
with a series of indentations used to 
differentiate the hardness of worked and 
unworked metal. 

A cursory examination of unheal 
treated bullets as well as some cast from 
linotype indicates smearing is a general 
phenomenon leading to softening in every 
case. 

The second form of deformation is 
associated with the actual reduction in 
diameter. Since the metal is not compres- 
sable, it must move somewhere during 
sizing. Part of the movement is taken up in 
the driving bands which broaden by 
forward (tow^ard the nose) displacement of 
lead. The remaining deformation causes 
the bullet to elongate in proportion to the 
amount of sizing as shown in Table 6. 
Depending on bullet hardness, metal flow^ 
is accomplished in two ways. Relatively 
soft bullets absorb the deformation more 
or less uniformaily in the region of the 
driving bands, causing the grains to 
recrystallize over a period of time. But in 
hard bullets quite a different mechanism 


persists. To visualize it, imagine a large \ 
number of small stones glued togetberaad ^ 
fashioned into the shape of a bullet. When [ 
sized, the individual stones resist deforma-/ 
tion and instead, slide across one another |, 
leaving a layer of rubble in the boundarieii. f 
Similarly, the grains of hard bullets reshi ( 
deformation and slide across one another ( 
leaving a layer of highly worked meta! in 
the boundary which recrystallizes shortly ' 
thereafter. The result is a bullet made up ] 
of hard grains bound together by soft bid ( 
and is a little better than if it had not been ]' 
heat treated at all. Figure 8 illustrates this (' 
effect along with the hardness measiirfe^ 
ments used to differentiate between hard 
and soft material. 

Of course the stone analogy is valid only 
to a point. In reality a small amount of 
deformation is borne by hard grains, a 
portion of which is permanently retained ^ 
and causes them to soften o%er a longer 
time period. The remainder is absorbed hy 
the spring in the metal and is regained, 
when the bullet is ejected from the die, jujit 
as cartridge brass springs back upon 
ejection from a sizing die. Because of the 
mechanical characteristics of hardened 
lead and the short times involved In sizing, 
the amount of spring is relatively the same 
independent of reduction. Thus, as shown 
in Table 6, all the sized bullets had a 
finished diameter about 0.001" greater i 
than the die used. Moreover, the effect is 
not unique to heat treated bullets but is 
propo rtitma 1 to the hardness of any cast 
bullet; consequenliy, soft bullets show 
very little spring. 

By now it is probably obvious thal a 
bullet's size, as it comes from the mold, 
has a direct bearing on the method of heal 
treatment used. Buiiet.'? which do not 
require sizing may he hardened by 
dropping ihem cHreedy inio water: dme 
which are too hrge must be sized first and 
then heat treated in an oven. So long as 
the bullet's shape is not damaged, almost 
anything may be done to it prior to heal 
treatment. !n fact, a bullet which has been 
heat treated and sized may be treated 
again to regain every bit of the original 
hardness. For convenience, a sizing prm 
may still be u.sed to seat gas checks and 
lubricate the bullet, but it is advisable to 
use a die which is about 0.001" larger than 
the bullet to preclude smearing. 

Hardness changes during storage 

The mechanism responsible for harden¬ 
ing bullets continues to operate during 
storage, causing the antimony precipitates 
to grow past the optimum size. Barring 
prolonged exposure to high temperatures, 
this growth is slow, leading to a gradual 
yet tolerable decrease in hardness. 

This is illustrated in Figure 9 for bullets 
heat treated by both methods described itt 
this investigation. For bullets cast from 
alloy ‘"A”, even the most conservative 
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pi Some effects of sizing hard is ^ amount 

Xess measurements, softening of the dnv 9 (jased on a minimum of four Knoop 

KSte thrunpolished surface of the driving bands, 


extrapolation of the data show n will take 
about two years for the hardness to tall 
into the range of linotype regardless of the 
heat treating technique. . „ ,. 

To retain maximum hardness, bullets 
should be stored in a cool place away from 
large thermal fluctuations. You can even 
store them in a freezer, m which case 
softening will be subdued considerably. 
Just remember to let them warm up to 
room temperature before loading to 
preclude trapping moisture inside the case. 

In shooting for tight groups at the 
highest cast bullet speeds, you may want 
to avoid using very old bullets. Since hca 
treatment takes less time than casting arid 
is convenient in small batches, the prob- 
i lem is overcame by casting and sizing 
, (only if necessary) and storing the unlubri- 
■ cated bullets as-cast. Bullets may then be 
1 heat treated, lubricated and loaded shortly 
before shooting. Also, should you ever be 
' uncertain about the hardness of long- 
stored bullets, they can always be heat 
treated again. 

The following summarizes the major 
aspects of this papei'. u 

1) The properties of lead and its alloys 
are best understood if ibe metal is 
always thought of as being hot, even at 
room temperature. 

2) Each of the alloyirig metals, anti¬ 


mony, arsenic and tin has a specific 

purpose: . » . i 

a) Antimony is the principal harden¬ 
ing agent and Is most useiul m 
amounts not exceeding about 6%. 

b) Small amounts of arsenic, together 
with antimony, improve hardenabd- 
ily Arsenic should only be used m 
prealloyed form: e.g., wheel weight or 
bearing metal 

c) Tin contributes little to strength 
but helps reduce dross during casting. 
Too much tin increases alloy cost and 
reduces the maximum heat treating 

temperature, . 

3) Lead hardens by the precipitation ot 
minute crystallites, in this case 

ony, within the grains. A bullets 
strength is directly inHuenced by the size 
and distribution of the precipuates and 
these are coniroUed by proper heating 

and quenching, . ’ j * 

4) The hardest bullets are obtained at 
the highest temperatures. In conven¬ 
tional heat treatment, the oven must be 
as hot as the alloy will permit; quench¬ 
ing from the mold requires the hottest 
casting conditions practicable. In either 
case the bullets must be rapidly 
quenched in water. 

5) Sizing softens hard bullets, t here- 
fore, oversize bullets must be sized hrsl. 


then heat treated; those which cast to 
proper dimensions may be heat treated 
bv either method. 

6) Long-term softening is gradual 
enough to make heat treated bullets 
practical and cost effective when com¬ 
pared to those made with linotype. 
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The Tin 

hiYoup 

Cast 

Bullets 

By Dennis Marshall 


S ince the American Rifleman first 
published in 1957-58 its findings on 
factors affecting cast buliet accuracy in 
rifles^ handloadcrs have become aware of 
the question of lead alloy strength. The 
once traditional, low strength lead-tin 
alloys have been replaced with lead alloys 
strengthened primarily by antimony. Yet 
tin is still an important Ingredient in cast 
bullets, and it is interesting to compare 
tin’s role in lead-tin alloys with that in 
presently used compositions such as wheel 
weights or linotype. 

Maximum hardness of lead-tin alloys is 
17 BHN at 37% lead and 63% tin, the 
eutectic composition. Mixtures generally 
used by bullet casters range from 9 to 12 
BHN, depending on casting conditions 
and impurities. But these values can be 
misleading, since a breakdowm in the 
precipitation hardening process causes the 
bullets to soften shortly after casting. 

During casting, the tin portion of a 
lead-tin alloy divides; part of it is retained 
within the lead grains which make up the 
bulk of the bullet while the remainder 




.V 


(IZX) The stainless steel ball us.ed for hardness testing, shown here on the nose 
ol a Lee C309-170F bullet The indentation shown is 0,39 mm. in diameter and 
with the 4 kg. load corresponds to a Meyer hardness ot 33.5. 


egregates to the grain boundnes as lead- 
in eutectic. While the lead grains are still 
101 , immediately after casting, they 
dissolve a large amount of tin. However, 
he solubility of tin in the solid lead 
lecreases with temperature, and when a 
mullet cools its lead grains are left with an 
excess of tin which must be rejected from 
solution. In the process of being rejected, 
lin is trapped inside the lead grains and is 
unable to make its way to the grain 
boundries. Thus constrained, tin forms 
particles or precipitates in the midst of the 
grains. 

Permanent deformation, such as en¬ 
graving a bullet by the rifling, and upset 
through obturation, occurs by movement 
of imperfections through the grains. Lead 
can be made stronger if the movement of 
these imperfections can be blocked. Tin 
precipitates act as barriers to the move¬ 
ment, and thereby help the bullet resist 
deformation. 

Precipitation hardening depends on a 
number of complex factors. An important 
one of these is the strength of the 


precipitates; stronger precipitates harden 
better. Unfortunately, the strength of tin is 
only on a par with lead. Published 
hardness figures of lead vary from 4.2 to 
5.0 BHN, but the differences are of little 
consequence. Imperfections moving 
through the lead grains meet relatively 
weak tin obstacles. Strength imparted is 
due to other factors such as the shape of 
the precipitates. 

For a short time after casting a bullet, 
the tin precipitates grow, hardening the 
alloy to a level roughly twdee that of pure 
lead. But as they grow, internal strains are 
generated within the bullet which cause 
the lead grains to recrystallize, a process 
analogous to annealing case necks. During 
recrystallization the tin in the lead grains 
forms new, overly large precipitates by a 
process called cellular precipitation, and 
these are unable to strengthen the bullet. 
Since this process occurs randomly 
throughout the bullet, some grains soften 
before others and the overall result is a 
gradual reduction in hardness. 

The accompanying graph illustrates the 
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age softening of two compositions in the 
as-cast condition. It points out in specify¬ 
ing the hardness of a lead-tin alloy that 
age after casting must also be considered. 
The rate of hardness decline is less for 
lower compositions since there is less tin 
I dissolved in the lead grains, and conse- 
' queully less precipitation and strain. Time 
I did not permit continuation of the study 
to determine when the hardness stabilizes. 
However, a computer prediction based on 
these data indicates it will take 372 and 
854 days respectively for the I16 and 
I,'10 alloys to soften to about 8 BHN. 
Changes beyond the limits of the graph 
are likely to be small 
Unlike lead-antimony alloys, this lower 
strength condition cannot be improved by 
heat treatment. In fact, heat treating 
actually makes matters worse for higher 
compositions, causing bullets to soften 
even faster than those left in the as-casi 
condition. 

Recrysiallization and subsequent sot- 
tening in lead-tin alloys is entirely spon^ 
taneous. There is no practical way to stop 


it. The process could be slowed by storing 
the bullets in a freezer, but the benefits 
would hardly be worth the eflort. 

Tin plays a considerably different role 
in type metals, improving not only the 
casting properties but also contributing to 
the strength. Unlike lead-tin alloys, the 
microstructure of type metals does not 
contain weak tin precipitates. Instead, im 
combines with antimony during solidifica¬ 
tion to form an inlcrmetallic compound, 
SbSn, which is approximately the same 
hardness as antimony, as noted in the 
table. 

SbSn is one of three possible constitu¬ 
ents in the microsiructure of type metals; 
the other two are lead and antimony. For 
alloys like linotype, part of the strength is 
attributed to precipitation hardening of 
the lead constituent; i.e., hard antimony 
and SbSn precipitates form within the 
lead to strengthen it. Compared to tin, 
these hard precipitates are very effective in 
hardening lead. The remainder of the 
strength is imparted by large antimony 
and SbSn panicles. 


Within certain constraints, raising,the 
tin and antimony content increases hard¬ 
ness. However, the greatest hardness 
increase per unit alloy addition occurs 
when antimony and tin are added in equal 
proportions. The effect is most noticeable 
when the combined antimony and tin 
content exceeds about 12%. The micros¬ 
iructure of such alloys consists of precipi¬ 
tation hardened lead and hard SbSn 
particles; there are no antimony particles 
present. If cost were no object, the tm 
content of linotype could be increased to 
12%, matching the antimony content, and 
increasing the hardness about 2 Brinell 
numbers. 

For tin,'antimony ratios greater than 
one, SbSn is the principle hardening 
agent, but a fraction of the tin will 
precipitate as in the lead-tin alloys. As the 
tin content increases, so do the tin 
precipitates with no corresponding im¬ 
provement in strength. It is for this reason, 
as well as cost, that type metals never 
contain more tin than antimony. Alloys 
walh higher tin contents are usually 
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This illustrates the softening of bullets made from lead-tin alloys, Both alloys were cast m a 
Lyman 35875 mould and the hardness measurements made directly on the bullet meplat. 
Each data point is the average of five measurements. Test conditions: 4Kg load/1.17mm 
bali/30 sec. 


classified as solders or tin based babbitts. 

Hardness of type metals is relatively 
stable. They do not show the sharp decline 
in strength associated with lead-tin alloys. 
Instead, they soften slightly with time as 
the antimony and SbSn precipitates grow^ 
past their optimum size within the lead 
grains. Cellular precipitation in type 
metals or other lead-antimony alloys has 
not been reported. 

Casting qualities of type metals have 
contributed much to their popularity with 
bullet casters with linotype being the all- 
time favorite. Antimony has often been 
credited for imparting good castability. 
Some older references stale that antimony 
expands on freezing. This is probably 
what led to the fallacy that linotype casts 
well because it expands w'hen it solidifies 
to fill the mould details. It is now known 
that antimony does not expand on freez¬ 
ing, in fact it contracts L23%. Likewise all 
type metals contract on freezing; lino¬ 
type, for example, contracts about 2%. 

The real credit for castability should go 
to tin. Tin's first and most general 
contribution is that it minimizes surface 
tension by inhibiting oxidation of the 
metal entering the mould, allowing better 
fill-out. The second benefit pertains 
principally to linotype. Linotype possesses 
exceptional Huidily; i.e., under a given set 
of conditions, it will Oow better than all 


the other type metals. Tin's function here 
is that it places the composition of the 
alloy in a unique position among lead^an- 
timony-tin alloys. The composition 84% 
lead, 12% antimony and 4% tin corres¬ 
ponds to the ternary eutectic w'hich means 
it melts and freezes at a single temperature 
(454*F), Thus, it is the high fluidity, in 
combination with oxidation protection, 
which accounts for linotype's ability to 
produce such beautifully formed cast 
bullets. 

Tin is also present in small amounts in 
wheel weight metal where its principal 
benefits are dross protection and caslabil- 
ity. A pure lead-antimony melt drosses 
considerably and the few tenths of a 
percent of tin present reduces this by 
forming a tight tin oxide layer on the melt 
surface which is most effective up to about 
750*F. (This also applies to type metals.) 
In the pot, the tin oxide layer helps 
prevent excessive oxidation of the more 
important antimony constituent, and in 
this sense tin plays a sacrificial role. This is 
not to say antimony, and lead, are not 
oxidized in the presence of tin; the rates 
are simply reduced. As with the type 
metals, this oxidation protection mecha¬ 
nism also operates while the metal is filling 
the mould to improve castability. 

Most wheel weight metal contains 
sufficient tin to provide these benefits. 


However, If you have recycled your alloya 
few times it is often beneficial to add .25% 
OA of 1%) tin to the mdt to maintaia 
oxidation protection. Some bullet casters 
report that as much as 2% tin must be 
added to wheel w'eights to get gaod 
castings. Personal preferences regarding, 
the amount to add arc probably influ¬ 
enced as much by casting technique and 
mould geometry as anything else. Suffice 
to say, you should add the minimum 
amount which provides good bullet 
production. Start with .25% and workup 
as ca.sting dictates. 

Bullets cast from w'heel weights derive 
most of their strength from the precipita* 
tion of antimony within the lead grains. 
The amount of tin present is usually too 
small to precipitate and remains dissolved 
in the lead grains. If excess tin k added; 
e,g., to modify casting behavior, it will 
react with the antimony, just as in type 
metals, to form SbSn. 

In conclusion we find that while lin 
alone is of limited value for hardening 
lead, it still has benefits when added in 
proper measure to bullet metals contain¬ 
ing antimony. Dross protection, strength 
{principally in type metals) and castabili^ 
are all favorably influenced. And even if 
this were not the case, most of us would 
still add a pinch or two for tradition's 
sake, * 
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The Truth About 

l^eel 


l^heel weights provide an econom- 


■tS-LS 


lliere ^ 



leal and convenient source of raw 
aerial for cast bullets. They can be used 
, for most applications, or easily 
lified for improved casting by small 
Iditions of tin for the more exacting 
^uiremenis of rifle target shooting. Yet 
[ikere remains much misunderstanding 
^rding composition and dirt inclusions 
^hich cause many shooters to shy away 
I this source of material. What follows 
will help to clear the air about wheel 
eights. 

The wheel weight composition of 9% 
aimony listed in older editions of the 
\Lyntan Reloadii^g Hiindhook is very 
much out of date. Manufacturers have 
reduced the alloy content through the 
years. This has not caused any problems in 
using this material for cast bullets. 
However if you are using the Lyman 
I Formula which includes wheel weights for 
making No. 2 alloy, the resulting alloy is 
deficient in antimony, Lyman has revised 
the formula for No. 2 alloy in the latest 
edition of the Lyman Pistol and Revolver 
Handbook to reflect the change in wheel 
weight composition. 

Compositions of four different batches 
collected over an eight-year period are 
listed. Agreement between the last two 
analyses suggests the composition of 
wheel weights has stabilized in recent 
years. Unless you have altered the com¬ 
position of your wheel weight metal, you 
can assume antimony is the principle 
alloying element. If you have an old batch, 
k may contain as much as 5% antimony, 
but recently obtained wheel weights will 
average about 3%, 

Each element in wheel weight metal has 
a purpose. Antimony precipitation 
hardens the alloy, tin provides dross 
protection for the melt up to about 750° F 
and also improves castability, and arsenic, 
in combination with antimony, improves 
strength. In the as-cast condition arsenic 
raises the hardness about one or two 
Brinell numbers, providing a benefit 
normally requiring larger amounts of 
antimony . Arsenic alone is a poor harden¬ 
ing agent for lead, but its inclusion in 
antimonial alloys improves the efficiency 
of antimony precipitation and, conse¬ 
quently, increases the strength. 

There is no advantage in trying to 
increase the arsenic content. In addition to 
being very dangerous, the mechanical 
properties are not improved by arsenic 
contents in excess of 0.1%, thus wheel 
weights contain ail that is needed. 

On learning that wheel weights contain 
arsenic, the skeptic may conclude that 
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Table 1 

Chemical Analysis o1 Various 
Wheel Weight Samples 


Sample dale 
and erlgin 

scrap. 1970 
scrap. 1974 
scrap, Jan. 197i 
new. April, 1978 


Compositian Iweight %\ 
Anti- 

Tin Arsenic 


mnny 

5.08 

2.54 

3.06 

3.03 


0.44 

0.21 

0.25 

0.23 


0.12 

0.26 

0,17 

0.17 


Table ii 

Results of adding tin in 
the form of bar solder to 
the Jan., 1978 wheeiwaights 


Composition 

Brinell 

Harilnsss* 

Casting 

Quality 

wheel weights 
+ 0% tin 

12.4 ±0.6 

Fair 

wheel weights 
+ 0.5% tin 

12.4 ± 0.6 

Good 

wheel weights 
+ 2.0“A tin 

13.6 ± 0.1 

Good 


such a “contaminant renders the alloy 
unsafe, SURPRISEl Antimony is every 
bit as toxic as arsenic and there's lots more 
of it in the alloy. Those who mix up their 
alloys from elemental metals should take 
special note of antimony’s toxicity and 
should observe especially good hygienic 
practices. Fortunately, alloying dilutes the 
toxic effect to a point where handling 
bullet casting alloys is reasonably safe. But 
remember to wash your hands, keep your 
work area clean, and provide adequate 
ventilation during casting. 

Table 2 shows the effects of tm 
additions to the Jan. 78 lot of wheel 
weights. Tin was added as 63/37 bar 


solder so the antimony content was 
diluted somewhat by the addition. While 
the higher tin content improved casting, 
there was no real effect on strength; the 
hardness increase for the 2% tin addition 
is not statistically significant. 

If you add tin to improve casting, its 
content should not exceed the percentage 
of antimony in the alloy, judging from the 
composition of present day wheel w^eights 
this means 3% tin should be the maxi¬ 
mum. If you need more tin than this to get 
good castings, you are doing something 
wrong. 

Opponents of wheel weights often claim 
dirt inclusions are a disadvantage, suggest¬ 
ing grit in the cast bullet may damage the 
bore. These claims come primarily from 
those who have not used w'heel weights 
rather than those who have. 1 personally 
have fired thousands of cast bullets made 
from wheel weights through various rifles 
and handguns and have never noted any 
loss of accuracy or visible bore damage. If 
dirt was a significant factor, one would 
expect abnormal abrasion over the entire 
length of the bore, premature rounding of 
the lands and increased metal fouling, 
which could be observed with an interior 
borescope, but none of these appear. 

Admittedly, wheel weights are dirty 
when purchased, but they are easily 
cleaned. Liberal fluxing during the initial 
melt-down and again during casting 
separates impurities from the melt, and 
leaves a bright surface which readily 
reveals the presence of foreign matter. It is 
also advantageous to scrape the walls of 
the pot during fluxing to dislodge particles 
trapped beneath the melt surface. From 
then on the metal is no more likely to have 
significant din inclusions than any other 
source of bullet casting alloy. 

Microscopic examination of both the 
cross section and surface of cast bullets 
indicates dirt from the surroundings is a 
far more likely source of contamination, 
and one which affects all alloys. Sw^eeping 
the floor of your loading room with an 
uncovered box of lubricated bullets on the 
bench is a real no-no! Handling the bullets 
with dirty hands is also bad practice. Lead 
alloy surfaces are quite soft and will pick 
up dirt from just about anything they rub 
against. After all, embeddabiiity is one of 
the primary reasons for using lead alloys 
in bearings. 

Metallurgically or otherwise, there is no 
justifiable disadvantage to using wheel 
weights. When properly prepared and 
handled, they provide ail the flexibility 
needed for a variety of cast bullet needs 
and permit more shooting for your dollar. 
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Cast Bullets Must Fit The Bore 

Size is More Important than Shape 


By Robert N. Sears 


C ast bullet shooters often buy a suc- 
cessiori of molds. The hope is always 
that the bullet of the next design will give 
tine accuracy in their particular rifle. 
Repeated disappointments can be avoided 
and the chances of success greatly im¬ 
proved when it is recognized that a cast 
bullet’s dimensions are more important 
than its form. The bullet must fit the bore. 
Proper fit is necessary to maintain the 
bullet’s alignment in its travel down the 
barrel. Any tilt of a bullet’s axis relative to 
that of the bore is accentuated during its 
flight through the air. Reliable grouping is 
then impossible. 

Cast bullets, probably because they are 
relatively soft, require a longer bearing 
length than jacketed bullets to provide 
proper alignment. The most successful 
cast bullets for use in rifles firing fixed 
cartridges have a bearing length of at least 
twice their diameter. The driving bands at 
the rear of the bullet are always larger 
than the bore diameter so they always 
form part of the bearing length. But the 
driving band portion of most bullets is less 
than two diameters long, leaving the 
cylindrical bore-riding portion to make up 
the difference. 

To contribute effectively, this cylindri¬ 
cal portion between the foremost driving 
band and the nose ogive must ride on and 
be guided by the tops of the rifling lands. 
In other words, its diameter must be at 
least as large as the bore. Too often it is 
not. In many .30 cal. bullets it measures 
.299" or less while the rifle bore measures 
at least ,301". 

Unfortunately, more attention is usually 
given to the diameter of the driving bands 
which are sometimes sized and measured 
10 within ,0005''. This can be futile when 
the diameter of the bore-riding portion is 
ignored. The driving bands contribute to 
the bearing length in any event, but the 
forward cylindrical portion contributes 
only when it fills the bore. 

A most revealing check of a bullet’s fit 
can be made by simply placing it nose first 
into the rifle muzzle. If it drops in of its 
own weight up to the driving bands no 
more than mediocre accuracy can be 
expected. The lands should, at least, 
provide felt resistance to thumb pressure. 
This very effective check requires no 
measuring devices and provides instant 
preliminary information on a bullet’s 


Cylindrical part of the bullet is expanded to fit the bore as the driving band portioii is 
sized and lubricated. The driving bands are always large enough to contribute to the 
bullet’s bearing length but the cylindrical portion is often too small In dlamelor. 
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itttability for that nOe. 

Mf it passes the muzzle check., test the 
Bullet's fit at the breech. This is the critical 
point. Many barrels have bore diameters 
Erger at the breech end than at the 
Lzzle. Some leave the factory so tapered. 
Irosion tends to wear them all that way, 
to the bullet in a sized empty case and 
chamber it in the rifle. A slight resistance 
[felt as the breech is closed gives an 
|iftdication of proper fit even before the 
fotracted bullet is examined. 

I The lands should mark the bore-riding 
Hinder evenly to the point where it joins 
;tk nose portion. The farther rearward the 
[marks extend the better. Any amount of 
[interference which does not result in 
leaving the bullet in the bore when a 
[loaded cartridge is extracted does no 
[harm. Cartridges which debullet when 
[extracted are unacceptable in the hunting 
field, but often give splendid accuracy for 
target shooting where it is unnecessary for 
loaded rounds to be extracted from the 
chamber. 

Molds which cast the cylindrical por¬ 
tion of the bullet smaller than the bore by 
only .OOT'-.(K)2^ can often be improved by 
lapping. This can also help to correct out- 
of-round ness present in many molds. 

An alternative which does not require 
modification of the mold is to expand the 
cylindrical portion of bullets after they are 
cast. This has been successfully done with 
ordinary lubricator-sizer tools adjusted so 
that pressure is exerted on the bullet nose 
at the end of the sizing stroke. The driving 
bands are then fully supported in the 
sizing die so the resulting compression 
expands only the unsupported cylindrical 
portion. No addition to the tool or change 
in the usual lubricating-sizing operation is 
required. Expansion is controlled by feel. 

More uniform expansion is possible 
when the tool is provided with a positive 
means of controlling ram travel. A dial 
indicator may be set up to measure its 
stroke while the bullet is being com¬ 
pressed. Another method is to attach an 
adjustable stop collar over the upper part 
of the ram. 

The special top punch shown here was 
made to positively limit expansion of a .30 
cal. bullet's bore-riding portion to .302"', 
and to keep this diameter truly cylindrical. 
Ordinary top punches cover only the 
I bullet nose which allows metal to move at 
I its point of least resistance. This often 
! results in a bulge at some point along the 
bullet's bore-riding section. 

Use only enough force to barely expand 
the bullet. Excessive force not only causes 
I the bullet to stick in the special top punch 
I described here, but can also break the 
toggle linkage of the lubricator-sizer. 
Hardness of the alloy and the volume of 
metal displaced are the two factors 
limiting the use of ordinary lubricator- 
sizers for expanding or “bumping up" cast 
bullets. The yoke of one tool which had 
expanded several thousand .30 cal. bullets 



10-shot group at 100 yds. measures ,580 
Fired by the author Sept* 16, 1978 at the 
Cast Bullet Association National Matches. 



Cylindrical part of a cast bullet must not 
enter the rifle muizle. This simple check 
for bore ht requires no measuring devices. 


Specially bored top punch controls expan¬ 
sion of cylindrical bore-rldlng portion of 
the bullet when it Is slxed and lubricated. 


broke after expanding only a few .45-70 
bullets of the same hardness. For the more 
demanding applications it is worthwhile to 
make special expander dies threaded * 

14 for use in standard reloading presses. 
This requires that expanding be done as a 
separate operation after lubricating and 
sizing the bullet, but the problem of tool 
breakage is completely eliminated. 

A very favorable result of expanding 
cast bullets is that it tends to improve their 
quality while correcting a critical diame¬ 
ter. This is quite opposite from the effect 
of sizing them down which never helps, 
and if excessive greatly detracts from, a 
bullet's shooting performance. 

The requirement for an effective bearing 
length of at least two diameters applies 
mainly to cast bullets loaded in fixed 
cartridges. Bullets loaded from the muzzle 
with a guide starter are aligned with the 
bore by the loading procedure. Even 
conical shaped “picket" bullets having a 
bearing length of less than one-half their 
diameter give outstanding accuracy when 
their alignment is properly established in a 
false muzzle and maintained while being 
pushed down the bore with the ramrod. 
Breech seating the bullet into the rifling 
with a guide starter as a separate opera¬ 
tion before chambering the powder- 
charged cartridge case as allowed by 
American Single Shot Rifle Association 
rules can provide the same kind of initial 
guidance. 

With fixed ammunition, as required by 
Cast Bullet Association rules, the bullet's 
alignment is always subject to influence of 
the cartridge case. Even when the inside of 
case necks are uniformly concentric with 
the outsides, misalignment of the chamber 
with the bore or case body within the 
chamber will tilt the bullet at the critical 
moment it starts down the bore. An 
effective bearing length of at least two 
diameters (three is much better) serves to 
overcome unwanted influence of the case. 

The Lyman #311335 shown here is 
typical of the two-diameter bullets used 
successfully in .30 cal. fixed cartridges. Its 
total bearing length (including the gas 
check) is 3.2 diameters. More than half of 
this length is in its cylindrical bore-riding 
portion. 

At the 1078 Cast Bullet Association 
National Matches, I used this bullet in a 
Remington 40X rifle. 7.62 rnm Match 
cases loaded with 24-grs. of Re loader 7 
powder and Federal match primers gave 
the 202-gr. bullet an instrumental velocity 
of 1907 f.p.s. The four 10-shot targets (two 
at 100 yds. and two at 200 yds.) which won 
the open class. Group Grand Aggregate 
averaged .876 m.o.a. 

This and other bullets designed 75 years 
ago perform splendidly if their dimensions 
are correct. Success with cast bullets does 
not depend upon minor variations in 
shape, but rather upon how well their 
diameter and bearing length align them in 
the bore. 
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Castii^ 

Pistol 

BuUets 


BY C, E. HARRIS 


Four-cavity gang moulds make fast production easy. Hensley & Gibbs, Lyman, Saeco 
and NEi are popular suppliers of pistol gang moulds for target shooters, A bottom pour 
pot of large capacity is desireable to get best performance from multicavity moulds. 


C ASTING bullets to use for compe¬ 
tition pistol loads is far different than 
making them for informal plinking. 
Although carefully selected and loaded 
cast bullets can approach the accuracy of 
factory wadcutter loads, I have seen many 
shooters use cast bullets which could only 
be described as abominable. The most 
important aspect affecting accuracy of 
pistol loads is bullet quality. If you use 
cast bullets for match loads, you must be 
especially careful to inspect them for 
defects. Those with even the slightest im¬ 
perfection should be culled out for prac¬ 
tice, and any with obvious wrinkles, voids, 
etc., should be returned to the pot. 

Bullet casting, in spite of its drawbacks, 
is one of the best ways for pistol shooters 
to shoot more for their money. If you 
prefer to use factory swaged lead or 
jacketed bullets of proven accuracy for 
your match loads, you still may want to 
use cast bullets for practice, to save 
money. 

Bullet casting is not the awesome task it 
might seem to the novice. You can learn to 
cast good practice bullets in a short time, 
and experience makes the task easier and 
the product better. You need at minimum, 
a bullet mold, lead, a wooden or rawhide 
mallet to open the mold with, a cast iron 
pot to melt the lead in, heat source, such 
as a gas stove, and a sizer-lubricator to 
render the finished castings into a com¬ 
pleted projectile. Other things you will 
accumulate as you gain experience. 
Although single-cavity molds arc ade¬ 
quate for the occasional shooter, the 
target shooter needs a higher production 
rate than the single cavity provides. 
Double-cavity or four cavity molds are 
reasonably priced and serviceable. Com¬ 
mercial casters and serious competitors 
will prefer Hensley & Gibbs gang molds. 
Their casting qualities are outstanding. If 
you can find a second-hand H&G mold in 
good condition, don't pass it up! 


Casting should always be done with 
good ventilation; outdoors is ideal. In the 
winter I cast in my basement in front of an 
open window' with an exhaust fan running 
the whole time, and another window 
cracked for draft. 

A gas stove, such as a single-burner 
Coleman, used with a cast-iron pot and 
dipper w'orks satisfactorily for bullet 
casting, but I prefer an electric furnace 
which permits controlling the tempera¬ 
ture. Among the lower priced furnaces the 
Lee Production Pot works well, but 1 fmd 
it awkward to use a dipper whth it, and it is 
somewhat more inconvenient to clean, as 
you should do occasionally. Lyman, 
Saeco and RGBS sell electric furnaces 
which w'ork very well. The Lyman and 
standard Saeco pots hold 11 lbs. of alloy 
and permit use of either a dipper or the 
bottom pour spout. Saeco also makes a 
larger 20-lb, utility furnace for use with a 
dipper. I find it particularly convenient for 
melting down large batches of metal to 
mix alloy and cast ingots. You can lift it 
by the bail and pour ingots directly from 
the pot. The RGBS pot, made by Ohio 
Thermal, was formerly sold under the 
name Pro-Melt, and is an excellent 


furnace with large 22 lb. capacity. Al¬ 
though this is larger than many shooters 
would need, it doesn't take as long to 
empty this monster when using a ,45 gang 
mold as you may imagine. Serious bullet 
casters will find the RCBS-Pro Melt 
excellent, though 1 have used all of the 
above brands and find them entirely 
satisfactory for the money. 

Your bullet alloy deserves some consid¬ 
eration. Uniform, repeatable accuracy 
from batch to batch of handloads requires 
bullets of the same weight, quality and 
hardness. Therefore, you must find an 
alloy which casts well and which you can 
duplicate time after time. Although 
revolver bullets loaded below 800 f.p.s., as 
for .38 wadcutter ammunition, can be 
made of almost any alloy which will east 
well, automatic pistol bullets must have 
suitable strength and hardness to avoid 
leading in the shallow'-groove rifling of .45 
automatic pistols, and to minimize feeding 
problems caused by the bullets' stubbing 
against the feed ramp. 

The minimum hardness which 1 have 
found completely satisfactory for .38 or 
.45 wadcutter loads for use in automatic 
pistols is about 12 BHN. This is the 
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remelting. 


hardness of straight wheelweight metal of 
current composition, consisting of about 
3% antimony, 0.25% tin and 0.17% 
arsenic. Swaged lead ftictory bullets are 
usually softer, about 10 BHN. Older 
wheclwcights contain higher percentages 
of antimony and tin. An analysis ot a 
sample obtained as serap in 1970 revealed 
them to eontain 5.08% antimony, 0.44% 
tin and 0.12% arsenic, which is about 14 
BHN, or slightly softer than Lyman No. 2 

alloy. , . ,, 

If you obtain your wheelweights as 

scrap metal from service stations, the 
hardness will vary, since there will be some 
old weights and newer weights mixed 
randomly in the same batch. Best unifor¬ 
mity is obtained by combining wheel- 
weights into as homogeneous a batch as 
possible, using a plumber's pot to melt all 
the metal at once before cleaning, Buxing 
and casting into ingots. You ean also melt 
it in smaller batches in the electric furnace, 
recombining the ingots from the different 
melts in a second cleaning and mixing 
operation. There is no risk of bore 
abrasion from use of properly cleaned 
wheelweight metal. 

Once wheelweights are cleaned and 


remelted, the small amount of tin origi¬ 
nally present in them is usually lost 
through drossing. It is usually necessary to 
add additional tin to get good castings. As 
little as '/i% will do if you keep the pot 
temperature below 750“F to minimize 
drossing and if you don't cool down and 
subsequently remelt the alloy. If you mix 
all your alloy ahead, as 1 do, you should 
use a bit more tin to be sure there , is 
enough left in the alloy to provide good 
castings after subsequent remelimg. 1 
usually add 1./3 bar of 50-50 solder W a 
potfull (11 lbs.) of wheelweights, which 
comes out to about l'/ 2 % tin added to the 
basic wheelweight metal. 7 his works very 
• well for most pistol bullets and raises the 
hardness about one Brinell number. As a 
check on your alloy, pick out five of your 
most perfect bullets, weigh them, and 
record the average as a reference, 
subsequent bullets from another melt, 
using the same mold, cast significantly 
lighter, say more than 2% from the 
previous average, add some pure lead to 
the mix and check the weight with another 
sample. If they cast heavy, add tin or 
antimony in the form of solder or linotype 
metal to increase the alloy content 


accordingly until they come out right. 
Usually only a small amount ot metal is 
needed, perhaps only a 'A lb. to 10 lbs. in 
the pot to make a satisfactory adjustment. 

A common mistake many bullets casters 
make is to cast with the metal too hot, or 
with the mold overheated. If you must 
heal your metal above 750^ F to gel goo 
castings, you arc doing something wrong. 

If the mold is too hot you may get hot 
spots" or frosty areas on the casting. 
Provided the bullet is tightly and uut- 
formlv frosted, hot casting doesn't do any 
■particular harm, but frosted bullets 
generally cast somewhat smaller than 
shiny ones. If the frosting is not uniform, 
the bullet will usually be out of round, 

1 like to start casting with the metal 
around 700®F until the mold is heated 
enough to produce well filled out bullets, 
then 1 turn it back to the lowest tempera¬ 
ture which produces good castings, usu¬ 
ally about 625-650“ F with my wheel- 
weight and tin mixture. 1 always alternate 
between two molds, filling one and setting 
it down to let the sprue cool completely 
while 1 open and refill the other. This 
prevents the mold from overheating and 
permits a more uniform casting condition. 
Using this technique. 1 can cast good, full 
shiny bullets until the pot runs dry or my 
arms gel tired. Using a pair of lour-cavity 
molds and two ll-lb. furnaces (letting one 
w'arm up to temperature whde you cast 
from the other), an expcienced caster can 
turn out 1000 good .45 ACP or .. 
wadcutlers between breakfast and lunch¬ 
Good castings require you keep the 
metal clean and fluxed; otherwise, there is 
risk of getting dross into the mold it you 
are using a dipper, and you will otherwise 
lose alloying elements through oxidation. 

! like to flux about every 15 minutes, or 
whenever I add metal to the pot. Bullet 
lubricant, or any wax will do, but non¬ 
smoking fluxes such as Marvelux are 
more effective and far more pleasant to 
use If casting outdoors where smoke is 
not a problem, I keep a few rejected liibed 
bullets and drop one in the pot once m a 
while to flux the alloy. Always scrape the 
sides and bottom of the pot well to 
dislodge impurities for skimming. 

The basic technique of bullet casting is 
easily learned with a bit of practice and 
soon becomes natural. The mold must be 
clean and free of any oil or grease. 1 like to 
clean new molds by boiling m water with 
Ivory flakes or Oakite. Cleaning them m 
Cascade with an automatic dishwasher 
also works well. Remove the mold blocks 
from the hot water and shake dry. being 
sure they are completely dry before using 
them, since any latent moisture is Poten¬ 
tially dangerous when combined with 
molten lead! To avoid constant recleaning 
and degreasing, don’t oil your molds lor 
storage, but store them in an air-tight 
container, wrapped in VPl paper to 
protect them from rust. 








Re.sting your mold blocks on top of the 
furnace while the metal heats up helps pre- 
heat the mold, reducing the time necessary 
before getting good castings. I routinely 
reject the first ten or so eastings from each 
cavity, as it usually takes this many before 
the bullets come out perfectly filled and 
sharp, [ knock the sprue and rejected 
bullets into a large wooden box for later 
remelting, and to keep from littering the 
bench. Good bullets are dropped gently on 
a folded towel, to prevent damage, and are 
removed to a box as soon as they are cool, 
so they aren't damaged by having subse¬ 
quent bullets drop onto them. 

As you fill the mold, overOow it to leave 
a large puddle, keeping the sprue liquid as 
long as possible to reduce shrinkage voids. 
Allow plenty of time for the sprue to 
harden, and never knock off the sprue 
until it is completely solid. Cutting off the 
sprue prematurely smears semi-molten 
metal across the blocks and bottom ol the 
sprue plate, and causes damaged, out-of- 
squarc bullet bases. If using only one 
mold, wail at least 10 seconds before 
cutting the sprue, once the mold is up to 
cast i n g te m pe ra t u re. 

After knocking of the sprue, inspect the 
bullet bases before opening the mold. Any 
bullets with rounded, ragged, imperfect 
bases, or with pinholes which indicate a 
void underneath, should be rejected. Then 
open the mold, check the sides of ihe 
bullets, making sure they arc clean, sharp 
and well filled out. Drop the best ones 
onto the towel into the “keeper^' pile. 
When the pot gets down to half full, fill 
your mold and leave it, to retain as much 
heat as possible, then return the sprue and 
rejected castings to the pot. While waiting 
for these to melt, 1 again inspect the 
castings, looking for those with only 
minor imperfections which go into a 
‘‘practice^ box, while those which are 
perfect go into the “match" box. Any wath 
gross defects 1 missed before go back into 
the pot for remelting. In the time it usually 


After opening the mould, inspect the bullet 
bases to be sure they are clean, sharp and 
well filled out, without any wrinkles, voids, 
caused by not having the mould or metal 
hot enough; or frosting, smears or fractur¬ 
ing caused by having mould and metal too 
hot. 



Drop the bullets from the mould onto a soft 
surface^ such as a folded towel or piece of 
old carpeting, to prevent damage. Remove 
them to a box as soon as they are cool 
enough to permit inspecUon and culling. 
This minimizes damage by dropping 
bullets on them, 

takes to inspect the castings and sort them, 
the scrap is melted and the pot is ready for 
fluxing. Once the metal is fluxed and hot 
enough to pour freely, you are ready to 
start casting again, usually within five 
minutes. 

After casting, the bullet still isn't ready 
for loading, since it must be sized and 
lubricated. Ideally, the bullet should cast 
perfectly round and the correct diameter. 
It should require very little or no sizing, 
the die only serving to true it up and rub 
the large spots slightly. It is best to slug 
your pistol barrel to determine the proper 
sizing diameter but generally .45 ACP 
bullets should be sized .451", .38 Spl. 
bullets for semi-automatic pistols .357", 
and for most revolvers, .358". If you slug 
your barrel, size bullets no smaller than 
the groove diameter. It is best to size them 
.0005" larger, but not more than .001" 


larger than groove diameter, unless the 
mold casts very large. In that event, it is 
better to shoot a bullet which is somewhat 
oversized than to size it excessively. You 
should not size the bullet down more than 
.0015" from the as-cast diameter if you 
desire best accuracy. This is not always 
possible. Some Lyman molds may cast as 
large as .360" in .38 Spl. or .454" for ,45 
ACP, leaving you no choice but to shoot a 
somewhat oversized bullet, such as .359" 
in a ,38 Spl., or .452" in the .45 ACP. 
Many shooters use such bullets with 
satisfactory results, but 1 feel sizing 
generally does nothing to enhance a 
bullet's accuracy. I he least sizing neces¬ 
sary is best. 

As I size and lubricate my bullets, I 
inspect them once again. First I check the 
base, being sure only perfect, cleanly cut 
square bases go into the “mateb” box. 
Although minor dents and imperfections 
on the nose of the bullet affect accuracy 
very little, seemingly minor base defects 
wreck accuracy potential. After checking 
the base, 1 roll the bullet around, checking 
lor well-filled bands and freedom from 
wTinkles and voids, hoping to eliminate 
that last imperfection 1 might have missed. 

At the lower velocities of target wade ut¬ 
ter loads used for .38 Spl. and .45 ACP, 
lubricant quality isn't usually a problem. 
But the best, most effective and economi¬ 
cal lubricants to use are those based on a 
50-50 mixture of pure yellow beesw^axand 
Alox 2138F, as are sold by Javelina, 
Hodgdon, Lyman, RGBS, Tamarack and 
others. For the .38 Spl, with 2.7 grs. of 
Bullseye and wadcutters like the H&G No. 
50, it is necessary to lube only the bottom 
grease groove to prevent leading and give 
best accuracy. Excess lubrication increases 
smoke, which can be particularly objec¬ 
tionable on indoor ranges, often impairs 
accuracy, and cruds up the gun more 
quickly. With .45 ACP bullets like the 
l.yman ^^452460, 452389, 45266, the RGBS 
#45~200SWC or the Saeco 290451, you 
similarly only need to lube the bottom 
groove w'ith Alox if using moderate 
charges up to about 4 grs, of Bullseye or 
4,5 grs. of Green Dot, or 5 grs, of W-W 
231. If using less effective lubes like the old 
black Ideal lubricant or Saeco Lube B, 
you may need both grooves full to prevent 
leading. With bullets having a single large 
grease groove like the HScQ 130, you may 
get slightly better groups with Alox 
lubricant using slightly heavier charges 
than the traditional 3.5 grs. of Bullseye 
which gives best results with other lubes. 
1 he difference in recoil is hardly percepti¬ 
ble, but a 4.0-gr. load bucks the wind 
better at 50 yds., and operates the gun 
more positively to reduce malfunctions. 

Cast bullets can give fine accuracy for 
target shooting, but only if you exercise 
care in their casting, selection and prepa¬ 
ration. If you have the patience to do the 
job right, you will find the expenditure of 
lime worthwhile. 
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The Importance 
of Qas Checks 


by carl JOHNSON 



M anv casi bullet shooters ask if 
1 think one brand or another of gas 
check is better. This question cant be 
answered with a direct positive statement. 

1 have used both Lyman and Hornady 
brands with good results. Each has its own 
place and can give excellent results when 

have » ba,. 

thickness of about .015”. varying from 
.013" to .016" on the lots 1 ve checked. The 
1 D. of the open cup averages .275 m_JU 
cal but also varies somewhat. 1 tie 
sidewall that bears against the shank of 
the bullet has an average height ol .08/ ■ 
but has some variation. 

Hornady gas checks have a base meia 
thickness of .020" plus or minus a ew 
thousandths of an inch on 
measured. The l.D. ol the open cup s 
about .280", but varies slightly trom lot¬ 
to-lot and the sidewall, or bearing 
surface, has a height of .078" on the 

‘’’"Sness of the metal, brass for Lyman 
eas-checks and gilding metal tor Hornady, 
varies from batch to batch. Variance also 
results from tool wear, state ol of 

the metal when cupped and how good the 
manufacturer’s quality control is. Bcnch- 
resi shooters have sorted bullet jackets for 
vears to obtain uniform, accurate bullets. 
I'm convinced that the cast bullet shooter 

who wants half-mi nute-of-angle groups 

should do likewise with his gas checks, 
shot three bullets with gas checks of one 
lot and two from another to make a D- 
shot group. Each five shots made two dis¬ 
tinct groups, one from each lot of gas 
checks, about .500" apart at 

Gas checks must be seated b^mly 
against the bullet base. 
is very important. It must be flat and 
absolutely square and true. If the base has 


a sharp edge, more seating pressure is 
needed to make sure the gas check is 
bottomed out. The inside contour of the 
gas check is not square, but has a small 
radius at the corner which will interfere 
with a sharp edge on the bullet. 

The fit of the gas check on the shank ol 
the bullet is also very critical. Lor 
example, on the Ohaus from 

mv mold the shank tapers from .285 to 
.280" when cast of linotype metal, ^ 
fit for either brand of gas check. When 
cast of 50% linotype and 50% pure lead 
the shank measures .283" to .278 along 
the taper, and stands a much better chance 
of taking the gas check without deforming 
the base and destroying accuracy. 

We all accept that a bullet must be ot 
correct siie. but few of us ever measure the 
diameter of a gas-check sealed and s^cd 
on the bullet. I picked ten gas checks from 
four different lots of the same brand. Ally 
seated and sized, their O.as varied by 
0005" to .0015*. Driving bands o all 
bullets miked .310" after sizing, and the 
bullet was one which had proven capable 

of outstanding groups. 

You might think the sizing die would 
bring the gas check down to whatever size 
the die is, but this isn’t true. The two 
materials have vastly difterent physica 
properties and each has a 
Lounl of spring back. If the driving band 
is smaller than the O.D, of the seated gas 
check, the gas check will come off m flight 
most of the time. 

If a bullet sheds its gas check m fl'gbt. ‘t 
will not group in the same place as bullets 
of that batch which have retained l^eir gas 
check. Also, if all bullets of a batch shed 
their gas check, they still won t shoot into 

a tight group. , 

How do you correct this condition. 
Measure the gas check shanks ol several 


Correctly tilled gas check (left) is seated 
lully against base, tight and square with 
min'imal delormatlon of the base " 
be pulled oft with the thumbnail. II bullet 
shank is too large tor the gas check 
chosen, the base is deformed and lead s 
scraped from the bullet ® 

often accompanied by an out ^ _ 

base from gas checks crimping before 
being fuily seated. It tbe gas check shank is 

f=T!m.n" p-op- 111 “"I"' 

without upsetting the base in a dm to fd he 
gas check. Otherwise the 
gas check will be insecure, causing it to fall 
olf in flight, causing poor accuracy, 


bullets from one lot of casting, making 
sure thev are all the same, sort out any 
that aren't. With the size of the shank in 
mind, select a gas check with mside cup 
measurement as close as possibk to th 
shank diameter. The cup should not be 
more than .001" larger than the shank. 

Size one or two bullets with the gas 
check seated, and measure them to 
determine if the diameter ot the dnvmg 
bands and gas eheek are the same 11 they 
arc. try to remove the gas cheek Irom the 
base with a small amount of foree^ i 
comes off, there is a mismatch, or the gas 
check shank has too much taper. \ ou may 
find that some bullets and gas checks do 
not permit a correct match of the shank 

with the gas check. , 

The average cast bullet shooter, having 
only normal handloading equipment and 
little in-depth knowledge of the subject, 
is probably better off with Lyman gas 
checks. 1 sav this because cnmpmg-type 
Hornady gas checks must be seated 
absolutely square and bottomed out 
against the bullet case before crimping^ 
Otherwise they will crimp onto the shank 
before being sealed, often making the base 
out of square. This can be avoided by 
using a separate gas check sealer. 
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Composite targets (left to right) Illustrate the effect of weight variation and orienting bullets upon accuracy. Bullets with ± 0,5 gr, weight 
variation averaged 1.4'' extreme spread for 20 shots with slight vertica I string! ng. Those with ± 0.2 gr. were capable of ""possibles'’ on the 1 
ten ring used at 100 yds. in CBA matches, but typical 10-shot groups show fliers and some vertical stringing. Author's best loads with only 
±0.1 gr. weight variation easily stay In the T’ ten ring as this 20-shot composite shows. 


Orientation and Selection: 
Two Keys to Accuracy 

BY FRANK MARSHALL JR. 


W hen shooting cast lead alloy 
bullets, we can only seek to ap¬ 
proach perfection, since subsequent sizing 
and loading operations have no apprecia¬ 
ble effect in reducing flaws inherent in the 
casting. Much effort is exerted in trying to 
cast ‘■'perfect bullets, but this can discour¬ 
age the would-be cast bullet shooter, since 
true perfection in the as-cast bullet is 
nearly impossible to obtain. The mold 
which casts a perfectly round bullet of 
correct size on nose and bands, with a 
concentric, square base with gas check 
shank of ideal proportions, is an extreme 
rarity. 

However, there is much which can be 
done in the way of selecting and loading 
cast bullets which minimize the effect of 
their inherent imperfections. Best accu¬ 


racy is obtained by inducing uniformity m 
the effect of these flaws so they all have the 
same effect on the target! This is done by 
segregating bullets carefully by weight, 
while eliminating all those with any 
obvious physical defects, and orientating 
the bullet by an index mark as it comes 
from the mold, throughout the entire 
sizjng, loading and firing sequence. The 
best method of orientating the bullet is by 
placing a small prick punch mark in the 
cavity near the nose of the bullet, where it 
does least harm. This leaves a small bump, 
which is easily noticed, so it may be placed 
in the same position each time as the bullet 
is sized, seated, and the rifle loaded. An 
alternate method is to file a small notch on 
the edge of the mold cavity, also near the 
nose, which leaves a similar small projec¬ 


tion I or reference. This can be remo ved 
with the thumbnail before firing, if 
desired, and does no harm. 

Despite the widespread use of these 
techniques by cast bullet shooters for ICX) 
years or more, there is little documemed 
data on the performance of oriented cast 
bullets compared to those which aren't, 
and the effect of normal weight variations 
on group size within a rifle's normal 
grouping ability. Over several years I have 
maintained careful records of over 1000 
shots, all using the same rifle and load, 
which yield some pertinent observations 
on this subject. 

The test rifle is a pre-war Winchester 
Model 70 target rifle in .30-'06 with 
original factory bull barrel. Although this 
rifle is not super-accurate by current 
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I lienchrest standards, it has been a consist- 
(iil performer for many years. It is 
Kguliirly capable of ■% m.o.a. groups with 
arefully handloadcd Sierra match bullets. 

The barrel is .300" bore diameter, and 
.308" groove diameter with four lands and 
trooves. right twist, one turn in 10". The 
barrel is free floated and the action is still 
perfectly bedded into the Wood as it 
originally came from the factory in 1939. 

All shootiug w'as done from a sandbag rest 
with Lvman 20X Super Targetspot scope. 

Throughout I used the Lyman »311284 
bullet, which weighs 219 grs. with Hor- 
mdv gascheck and all grease grooves tilled 
with 50-50 Alox 2138F and pure yellow 
beeswax. My alloy is 87% lead, 10% 
antimony and 3% tin, slightly softer than 
new linotype. As a standard. I already had 
developed a cast bullet load with the 
above bullet, and 21 grs. of SR-4759 
powder in National Match cases with 
Remington 914 primers svhich would 
consistently equal the accuracy of my best 
jacketed bullet loads, if weight variation of 
the bullets was held within 0.2 gr. 
maximum, and the bullets were oriented 
throughout and carefully loaded. From a 
typical batch of 100 cast bullets, weighed 
and visually inspected, only 20 would be 
of “match” quality, visually perfect and of 
correct weight. These were capable of % 
m.o.a. groups at 100 yds. on calm 
evenings. I used the other 80 bullets to 
compile data on the effects of differences 
in bullet weight and orientation under the 
same conditions on each day s firings. 

A typical batch of 100 cast bullets 
yielded 20 bullets of 0-2 gr. maximum 
weight variation; 20 within 0.4 gr.; 20 
within 1 gr.; 20 within 2 grs. and 20 which 
were rejected and remelted. I shot the first 
three weight divisions only for this test. 
Each weight group was fired both oriented 
and not oriented. 1 also shot bullets which 
were not weighed, but which were visually 
inspected only, both oriented and unor- 
iented. These didn't include any obvious 
culls or rejects. These bullets were perfect 
to visual inspection, but simply weren t 
weight segregated. Only 100 of these 
unweighed bullets were shot for compan- 

The targets shown are reproduced 
composites of test targets as well as some 
fired in Cast Bullet Association matches 
over a two-year period, all using the same 
load of 21 grs. SR-4759 obtaining about 
1600 f.p.s. with the 11311284 bullet m .30- 
'06. Test conditions were better than 
match conditions, but the overall average 
shooting conditions are realistic. The 
targets reflect a selection of a few 
examples which clearly represent the effect 
of these factoi;s. No unusual results are 
revealed which aren’t commonly known to 
the experienced cast bullet shooter. The 
degree to which accuracy is affected, 
however, is useful as a guide, assuming 
other factors arc compatible and equal. 


"‘M- 


#311284 bullet, castol 87-10-3 lead-antimony-tin. with Alox lubricant. 

^ Average Kxtreme Spread 


(ins. @100 


Bullet Wt. 

Bullets 

Bullely 

NOI 

fgrs.) 

Oriented 

Oriented 

219 ±0.1 

V4 

W: 

219 ±0.2 

1 

PA 

219 ±0,5 

IW 

2'A 

NOT WEIGHED 
VISUAL INSP 


VA* 


Best method to orient the bullet is to hie a 
small index mark on the edge oi the mould 
cavity, which leaves a small bump on the 
bullet near the nose where it does least 
harm. This is indexed at 12:00 tor each 
shot, and can be removed with the thumb- 
naiL 

The effects of weight variation and bullet 
orientation might well be accentuated with 
a heavier load than 1 use. My results 
indicate this bullet is not perfect and. m 
fact, it may not even be up to average* Us 
good performance is due more to con¬ 
scientious application ot the above tech¬ 
niques than to the inherent excellence of 
the bullet itself 

The above averages are approximate, 
rounded to the nearest but they still 
illustrate the obvious advantages of bullet 
selection and orienting the bullet. The fact 
that oriented bullets consistently outshoi 


ONLY 

’’^(Voids gave occasional wild fliers) 

the unoriented bullets reinforces the 
suspicions of many shooters over the 
years, regarding the roundness, or lack of 
it, and the squareness of the base of most 

cast bullets. ■ u u , 

In conclusion, a cast bullet which has 
been carefully selected by weight, in¬ 
spected closely for surface defects and 
consistently oriented in the chamber the 
same way each time, can equal the 
accuracy of jacketed bullets, subject to the 
effects of range conditions and human 
error. The elusive “perfect” cast bullet 
does not exist, and probably never will 
from a practical standpoint. There is no 
shortcut to cast bullet accuracy. Innova¬ 
tion may result in better percentages of 
good bullets, or molds which cast bullets 
more closely to their ideal dimensions, but 
the selection process and the variables 
which affect grouping ability will remain 
the same. Weighing and orienting your 
cast bullets greatly minimixes the effect of 
their imperfections and permits surprising 
results, considering the basic simplicity of 
the process. Those seeking the ultimate 
accuracy will find the expenditure of effort 
highly rewarding. 
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Footnotes 


Cast Bullets in Rifles, Part 2, Page 15 

' Not quite correct, though it Ls correct as to freedom from 
leading in lumps or streaks. Examination shows an inconspicu¬ 
ous lead wash left in the rifle bore by bare lubricated gascheck 
bullets even in the best light loads. This apparently does not 
affect the performance of proper loads. 

^ Lyman has published two different compositions for “No. 2 
Metal.” For information on these, see “Lyman No. 2 Alloy” in 
this handbook. 

^Linotype alloy has become less available in recent years 
because of changed printing methods, but it still is tound in 
metals scrap yards. The hand loader can make it up himself — 
see “Antimony For Bullet Metal” in this handbook. 

For further information on zinc and aluminum contamina¬ 
tion in bullet metal, and practical means of dealing with it, see 
“Contaminated Lead Supply” in this handbook. 

5 Desirable non-smoking fluxes now are available. 

Cast Bullets in Rifles, Part 3, Page 19 

> This was true for the bullet lubricants of that time. 
Continuation of this development program eventually pro¬ 
duced the Alox-beeswax lubricant now used. For a compre¬ 
hensive account, see “Bullet Lubricants” in this handbook, 

2 Continued testing brought out that former waterpump 
greases, and calcium greases in general, break down in the high 
temperature of discharge and leave a bore deposit which is 
difficult to remove. Other greases are far less subject to this. 
See “Bullet Lubricants” in this handbook. 

^ Old type sizing dies which cut bullets off-center have since 
that time been taken off the market, after criticism of them by 
77ie American Rifleman, Present dies which have a smoothly 
tapered lead-in, and are well made, can reduce lubricated 
bullets by .002" or so without damage. 

'^This was written in reaction to directions which called for 
sizing bullets to .311" diameter in the poor dies described 
above. Those directions were meant partly to accommodate 
variably dimensioned cal. .30 barrels at beginning of this 
century, and partly to compensate for bullet mold form 
reamers made oversize to allow^ for wear. Cast bullets when 
correctly produced can shoot well at .001" to .002" above the 
barrel groove diameter. 

^The following explanation of dimensional requirements for 
both body and forward part of the bullet remains correct. 

^ Mercury also is a dangerous poison when incautiously 
used. 


Cast Bullets In Rifles, Part 4, Page 23 

' Powders marked are no longer listed, and other changes in 
availability of course can be expected with time. The types 
shown, however, indicate the practical relationship between 
burning speed and successful .30-’06 cast bullet loads. 

Refinements in Cast Bullets, Pag© 37 

* That 1958 Lyman handbook is now out of print, and its 
contents are no longer necessarily representative in this respect. 

2 Best up to that time (1963). Continuation of this 
development eventually produced the Alox-beeswax now in 
use — see “Bullet Lubricants” in this handbook. It gives better 
results over all than any other so far tried. 

^Continued experience indicates that linotype alloy, BHN 
20-22, generally improves the reliability of target grouping in 
even these very light loads. 

^ In these light loads, the filler of kapok or Dacron fiber (up 
to 1 or I Y 2 grs. has been found practicable) may not improve 
target grouping. The fiber filler however is highly desirable in 
loads carried in the field. In loads for the target range, it should 
be used where safety considerations do not permit elevating the 
muzzle of the loaded rifle before firing. 

^ While the various cartridge space fillers here described gave 
the results stated, all of them except kapok and the later 
Dacron were dropped from this development after continued 
testing. 

Bullet Lubricants, Page 43 

1 There is no advantage in using either Alox 350 or Alox 
2138F straight. The Alox 2l28F’beeswax bullet lubricant has 
proved best for target accuracy as well as workability in sizing- 
lubricating machines. 

^ Further use has shown 1 to 1 gts. kapok or Dacron fiber 
to be generally practicable. 

Accuracy and Power with Cast Bullets, Part 1,Page 61 

' This type of sizing die was taken off the market about 1963, 

2 Tin has since that time become even more expensive. See 
“Tin In Bullet Metal” in this handbook. 

^Even the best loads with bare lubricated cast bullets leave a 
light lead wash on the rifle bore, which appears to do no harm. 

'^Also reproduced in this handbook. 

^ In very light loads, unconsumed Dacron may leave a 
deposit in cartridge case or bore. Kapok seems always to be 
consumed or to be blown out leaving no deposit, so can be used 
in such loads. 


Caution: All technical daia, especially for handloading, presented in NRA publications rcHecis the experiences of individuals uMtigspeciHc equipment 
and components under specific circumstances, Such information is intended sokly as a guide and should be used with caution. NRA accepts no 
responsibility for results obtained using these data. 
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